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PEEFAGE. 



Arithmetic may be studied with two different objects, and 
may be taught by two different methods. 

The first object in studying Arithmetic is to acquire 
accuracy and facility in computation ; the second is to 
cultivate the reasoning powers, by exercising them upon 
the various problems presented by Arithmetic. 

It does not necessarily follow that the two different 
methoas adopted for teaching Arithmetic should correspond 
to the two objects mentioned above; indeed, it is hoped 
that the present treatise will be in itself a proof that 
Arithmetic may be so taught as to secure both these objects 
at once. 

It is much to be feared that in many cases Arithmetic 
is taught in such a. way as to exercise the memory alone; 
its higher object, to exercise and strengthen the reasoning 
faculties^ being more or less completely overlooked. Kules 
are given, illustrated and examined upon, sometimes with- 
out any explanation at all, sometimes, however, with an 
explanation of the Reason of the Process following instead 
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CHAPTER I. 



DEFINITIONS. 

1. Arithinetic is the science which treats of Numbers. 

2. Number is the expression of the relation of any mag- 
nitude compared with the Unit. 

By Magnitude is meant everything which ia capable of being augmented 
or diminished. 

3. A Unit is a magnitude taken as a term of comparison, 
which magnitude is supposed to be one and undivided. 

The Unit must always be of the same kind of magnitude as that which 
it is used to measure. Thus, in estimating length, we use the length of 
a given line as the Unit ; in calculating surface^ we use the surface of a 
small square, called *' a square foot,*' as the Unit ; in determining weight, 
we use a given weight, called a ** pound," as the Unit. 

The Unit is not necessarily indivisible into other units; in fact, it 
generally is divided into units of lower denominations, as will hereaf tei 
be explained ; but we may illustrate our remarks here by an example. 
Thus, estimating the strength of an army, we may say perhaps that it 
contains nine regiTnentB, where a regiment is the Unit ; or, we may say 
that it contains nine thousand mm, where a man is the Unit. 

A 



2 ARITHMETIC. 

4. Numbers are considered as being either Abstract or 
Concrete. 

Abstract Numbers are those of which the nature of the 
unit is not determined. 

Concrete Numbers are those of which the nature of the 
unit is determined. 

In the expressions five hones, seven tableSy the numbers five and seven 
are caUed Concrete Numbers, because they refer to the particular units 
one horse, one UMe ; but when we speak of five and seven without refer- 
ence to any particular unit, these numbers are both Abstract Numbers. 

5. In common arithmetic, all numbers are expressed by 
means of the significant figures, 1, 2, 3, 4, 5, 6, 7, 8, 9 (named 
respectively on^ two, three, four, five, six, seven, eight, nine), 
and the figure 0, which is called a cypher or aero, and which 
has no value in itself. 

The name Digits has been applied to these ten figures, but they are 
more properly caUed the nine digits and zero, 

6. The value of every figure depends upon its position. 

1st. When any one of &e figures mentioned above stands by itself, its 
value is expressed by its name. Thus, the digit 5 standing by itself 
signifies five units; and this value of the digit is called its Simple or 
Intrinsic Value. 

2nd. When any one of the digits is followed on the right by another 
digit, its value is increased ten-fold. Thus, the digit 6 followed on the 
right by 4 forms therewith the number 64 {sixty-four), where the value 
of the figure 6, being sixty, is ten times its simple value. 

This value of the digit is caUed its Local Value. 

7. The simple value of the figure 1 is called Unity, and 
a collection of on£s, or unities, is called a Whole Number, 
or AN Integer. 

Thus, the digits 2, 3, 4, 5, 6, 7, 8, 9 are Integers. 
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NOTATION AND NUMERATION. 
The Arabic SysteixL 

8. Notation is the art of writing down in figures any 
number expressed in words. 

Numeration is the art of reading in words any number 
expressed in figures. 

It has been said above that all numbers are expressed in 
figures by meaus of the nine digits and zero. We have 
now to see how this is done. 

Let it be remembered that — 

1st. All whole numbers less than ten are expressed by 
means of the nine digits. 

2nd. The value of any digit is increased ten-fold by 
writing a figure on the right of it. 

It follows that — 

Ist. Ten may be expressed by writing 1 and a on ittf 
right — thus, 10; for the value of the 1 is increased ten- 
fold by the zero which follows it 

Similarly, 

Twenty, Thirty, Forty, Fifty, Sixty, Seventy, 
Eighty, and Ninety, may be expressed thus — 

20, 30, 40, 50, 60, 70, 80, and 90 respectively. 

2nd. A Hundred may be expressed by first writing ten, 
10, and then placing a after it — thus, 100: for the 
value of the number 10 is increased ten-fold by writing a 
figure after it 

Similarly, 

Two Hundred, Three Hundred, Four Hundred, 
Five Hundred, &c., may be expressed thus — 

200, 300, 400, 500, &c. 
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3rd. Numbers between Ten and Twenty, between 
Twenty and Thirty, &c, and also between One 
Hundred and Two Hundred, &c., may now be expressed 
by an application of the foregoing statements, thus — 

Bz. 1. Let it he required to write the number Thirty-six, 

We first consider that we have the number Thirty to express, and, as 
thirty is equal to ten timee three, we first write down 3, and then make it 
thirty by writing some other figure after it. Now, we might use a cypher 
for this purpose, as before, but since we have to express Six besides 
thirty f we write a 6 after the 3, and then read the figures 36 as Thirty- 
slz. 

Ex. 2. Let it now he required to unite the number Four Hundred and 
Thirty-six. 

Sinoe Four Hundred may be expressed by 400, tnd Thirty-Biz by 36, 
we are able to express Four Hundred and Thirty-siz by 436-^.e., by 
substituting the figures 3, 6, in place of the two cyphers in 400, 

9. It has been stated above that 

** The value of any digit is increased ten-fold by writing a 
figure on the right of itJ* 

This proposition may also be stated as follows : — 

The local value of any digit is increased tevrfold by moving it 
one jplace farther to the left whenever this digit forms one in a 
grmp of figures expressing one number. 

This will be more easily understood from the following 
explanations : — 

1: Whenever a group of figures expresses one whole 
number. 

The figure on the extreme right is said to occupy the place 

of UNITS ; 
The figure occujpying the place second from the right is said 

to occupy the place of tens ; and 
The figure occupying the place third from the right is said to 

occupy the place of hundreds. 
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2. When the numher consists of more than three digits, 

thej are usually divided into groups of three digits each, 

thus— 

76,543,218, 

where it will be observed that the grouping proceeds from the 
right. 

Each of these groups is read as a distinct and indepen- 
dent number — thus, in the above example, 

76 is read Seventy-six; 
543 is read Five Hundred and Forty-three; 
218 is read Two Hundred and Eighteen ; 

but, whereas the 
218 is read Two Hundred and Eighteen simply, the 
643 is read Five Hundred and Forty-three Thousand, 

and the 
76 is read Seventy-six Million : 

The whole eight figures being therefore read thus — 
Seventy-six Million, Five Hundred and Forty-three Thousand, 
Two Hundred and Eighteen, 

10. The complete system of Notation will now be evi- 
dent from the following table : — 

Tbiluons. Billions. Millions. Thousands. 

HjHcJ HHcJ BHcJ tr|»^d 
cgS^ p20 p2b^ ff«a 

qPP. hPP* gPp. ^ss 
2wc?- 55ct- SoB& s^mS 




S S 2 S 

.§- P- ^ @ 

27 8, 213, 70 6, 86 4, 916 
and so on to quadrillions, &c. 
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JV.jB.— 1. A difficulty presents itself in writing sneli a number as Fin 
HuNDBED AND EiOHT. This may easily be overcome thus — 

Let the pnpil consider that, if the number to be written had been Five 
Hundred and, say, Sarr-eigM, it would be written 668 ; but, as nothing 
was said about Sixty, the place of the Six must be supplied by a cypher — 
thus, 606. 

In all cases where the number to be written does not include digits in 
all the possible places, the following rule should be followed i—Fut a 
eifpher in every place in which a digit might have been placed, 

2. It should also be carefully noticed that the number 2672 is equal to 
267 tens and 2 units, also to 26 hundreds 7 tens and 2 units, ke. A 
knowledge of this will assist the pupil in understanding the reason of the 
processes of Addition, Subtraction, &c. 



Exercise 1. 

X. Write down in figures— 
Serenty, one hundred, seven hundred, nine hundred, sixteen, nineteen, 
eleven, thirteen, twelve, fifty-two, ninety-one, forty-three, thirty-eight, 
one hundred and sixty-four, two hundred and twenty-two, seven hun- 
dred and eighty-nine, three hundred and fifty-five, eight hundred and 
nineteen. 

2, Write down in words— 

30, 200, 600, 400, 800, 14, 17, 18, 16, 16, 39, 62, 74, 93, 24, 729, 486, 
619, 324, 713, 842. 

3, Write down in figures— 

Forty-two thousand nine hundred and eighty-one ; 

Seven hundred and thirty-four thousand six hundred and thirteen ; 

Four million six hundred and twenty-five thousand three hundred and 

thirty-seven ; 
Eight hundred and thirty-nine million one hundred and forty-two 

thousand three hundred and seventeen. 

4, Write down in words — 

3646, 7381, 9166^ 82743, 694172, 31429, 748362, 8142, 7381416, 
2839743, 28614912, 843916486, 721916811, 3141627186, 239111226218, 
43266141276988. 
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5. Write down in figures- 
Two hnndred and three, six hundred and one, five thoimnd four 

hundred, sixteen million nineteen thousand and four, four hundred 
million thirty thousand and twelve, eighteen million three hundred and 
forty thousand, two hundred million one thousand and one, two billion 
and sixteen, thirty billion one hundred million forty thousand and fifty. 

6. Write down in words — 

404, 850, 603, 7940, 6089, 17408, 209106, 18000003, 400500060, 810010099, 
82000416829, 3001020116410. 

7. Write down in figures — 

Three tens six units', sixty-nine tens four units, eighty-six tens three 
units, four hundred ahd thirty-three tens two units, forty-three hundreds 
three tens two units, seven thousand four hundred and six tens one unit, 
seven hundred and forty hundreds six tens one unit, twenty-three thou- 
sand eight hundred and forty-one tens nine units, two thousand three 
hundred and eighty-four hundreds one ten nine units. 

The Roman Notation. 

11. The system of Notation described above is tbe one 
in general nse at tbe present time, and is called the 
*' Arabic Notation," because it was introduced into Europe 
by the Arabs, who had obtained it from the Hindoos. 
Another and more cumbrous system was in use among the 
Eomans, of which the following is a brief description : — 

1st. Instead of figures being used to express numbers, the foUowing 
letters were employed— yiz., I, Y, X, L, 0, D, M, of which the simple 
yalues were respeotiyely 1, 5, 10, 50, 100, 500, 1000. 

Five hundred was primarily represented by IQ, which was afterwards 
contracted to D. ClQ was also employed to represent one thousand, 

2nd. If two characters of the same value were placed side hy side, or, if 
a character was followed hy one of less value than itself, the number de- 
noted by the expression was the sum of their simple values — thus, XX » 
20; XI = 11. 

3rd. If a character was followed hy one of greater value than itself, the 
number denoted by the expression was the different of their simple 
values— thus, IX = 9 ; XL = 40. 
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4tli. The value of any character was increased a ihoasand-fold by 
drawing a line over it— thus, y = 5000. 

5th. The value of IQ was increased ten-fold by every Q annexed to it ; 
and the value of ClQ was increased ten-fold by adding to it a and a Q 
—thus, 5000 was indicated by loo, and 10000 was denoted by CCIoo. 

Exercise 2. 

1. Write in words and Arabic figures the numbers expressed by CO, 
XO, XCIX, LXXV, CCXLin, VIV, M, CXLUU, 

2. Express in the Boman Notation the numbers 30, 17, 1142, 6018^ 
24029, 81000. 
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12. In arithmetic we make use of the following signs to 
indicate the various operations : — 

+ (plv>s), placed between two or more numbers, signifies 
that they are to be added together — thus, 7 + 3 + 4 + 2, 
indicates that we are to find one number equal to the sum 
of these four numbers. 

— {minus), placed between two numbers, signifies that 
the number before which it stands is to be taken from the 
number after which it stands — ^thus, 7-3 indicates that 
we are to find what number remains when three has beea 
taken from seven, 

X {into), placed between two or more numbers, signifies 
that they are to be multiplied together — ^thus, 6 x 4 x 3 in- 
dicates that we are to find one number equal to six times 
four times three. 

Hnltiplication is also sometimes signified by placing a dot between the 
number to be multiplied together—thus, 6x4x3 might be expressed 
by 6.4.3. 
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-T- (5y), placed between two numbers, signifies that the 
number after which it occurs is to be divided by the num- 
ber before which it occurs — ^thus, 8 -r 2 indicates that we are 
to divide eight by two. 

Division is also sometimes expressed bj writing the nnmber to be 
divided above a line, and the nnmber by which it is to be divided hdow 
that line— thns, 872 may be expressed by |« 

= (equal), placed between two numbers, signifies that 
they are equal to each other — ^thus, 6 + 1 = 3 + 4. 

(The expression "6+1=3+4" is called an equation,] 

'^ placed between two numbers, signifies that the less of 
them is to be taken from the greater — thus, 3-^8 indicates 
that three is to be taken from eight. 

. •. {therefore) is often used in stating a method by which 
an answer has been obtained. 

Brackets, which are of several kinds — e.g., (),{}, [ ] — are 
used to denote that all numbers included within any pair of 
them are to be considered as forming but one number, and 
are therefore to be equally aflFected by any number not in- 
cluded within the same pair of brackets, thus — 

(6 + 3)x8 = 9x8 = 72. 

Also, [8 + 2|9 + 3(4 + 3) + 17t + 21]x9 
= [8 + 219 + 21 + 17| + 21]x9 
= [8 + 94 + 21]x9 
= 123x9 
= 1107. 

A Vinculnm is a sign sometimes used instead of brackets. 
It consists of a line drawn over the numbers to be considered 
as forming one number — ^thus, 2 x 8 + 3 = 2 x 11 = 22. 
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Exercise 3.* 

Find tlie value of -^ 
X. 4 + 3 + 2 + 7, 6 + 7 + 9 + 10, 21 + 18 + 13, 17 + 2 + 40. 
a. 19 - 6, 28 - 13, 17 - 2, 104 - 6, 77 - 61, 804-64 

3. 6x2x8, 7x1x4x2, 2x3x5, 8x 16 x2x 4^ 17 x5x 8. 

4. 18-^3,20-M0, 64-^4,81-5-9, 74-7-2,136-^4. 

5. 86 -w 14, 109 -^ 3, 21 -w 600, 701 -w 683, 20 -w 1000. 

6. 3 X (2 X 4), 8 X (17 X 1), (16 - 3) x 2, 18 - 14 + 7, (61 + 29) -5- 3. 

7. -{ (28-J-7) + 9 i- x 2, -I (16 + 18 - 2)-T-8 + 4 }- x 3, ^ (154 + 44) 

-r9}-x6. 

8. [ ^ (19 + 17) -^ 6 + 4 }- X 10 - 91] -r- 3, [ -! 27 + 14 + 6 (3 + 15 - 13) 

-llK5]x7. 



9.7x4x6x2,8-3 + 7 + 9-7-4 + 6-2, (18 + 16-2xl2)x8. 



SIMPLE RULES. 
I. Addition. 

13. Addition is of two kinds, viz. : — 

1st. Simple Addition, in which the numbers to be added 
together are either all abstract numbers or all concrete 
numbers of the same denomination — ^as all pounds, all 
yards. 

2nd. Compound Addition, in which the numbers to be 
added together are all concrete numbers of the same kind, 
but not expressed in one denomination — as when one 
quantity expressed in yards, feet, and inches, is to be added 
to another quantity also expressed in yards, feet, and inches. 

* The pupil had better omit this ezerdse till he has worked aa far as 
1 30, when he had better return to it. 
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14. The object of Addition is to find a nmnber equal to 
two or more numbers taken together. 

This one resulidng number is caUed the ram of the nnmben which were 
added together to produce it — thus, 8 is the turn of 5+2+ L 

15. Simple Addition may be distinguished into two 
cases, viz. : — 

Case 1. Addition of numbers which are each less than ten. 
Case 2. Addition of numbers some, or all, of which are 

greater than ten. 

Or, in other words, 
Case 1. Addition of numbers requiring only one figure to 

express them. 
Case 2. Addition of numbers some, or all, of which require 

more than one figure to express them. 

16. Addition of numbers requiring only one figure to 
express them is a purely mental process, involving a know- 
ledge of the Addition Table merely, thus — 

Bx. Add together 6, 8, 4, and 3. 
One process serves here for tiie whole operation. We calculate thus— 

Six and Mght make Fottrteen, 
Fourteen and Fimr make Eighteen^ 
Eighteen and Three make Twenty-one; 
•'. Set down 21, Anstoer. 

17. Addition of numbers some or all of which require 
more than one figure to express them, is not so easily per- 
formed, nor is the reason of the process by which it is done 
so easily understood. 

Bx. 1. Add together 23 and 64. 

Firit, we may calculate thus— 

Three and Four make Seven, and 

Twenty and Sixty make Eighty; 
Therefore, Twenty-three and Sixty-four make Eighty^Seven, 

Set down 87, Antv>er» 
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Or, Secondly t we may proceed thaa— 

Twenty-three = 2 tens + 3 nnits, 
Sixty-four = 6 tens + 4 units ; 
.*. Twenty-three + Sixty-four = (6 + 2) tens + (4 + 3) nniti 

= 8 tens + 7 units 

= 87, Answer. 

By inspecting this process we see tbat the answer In this ease Is a 
nnmber which has the sum of the nnits of the giyen number in its 
nnits' place, and the snm of the tens in its tens' place. Let us take 
another example, and see whether this is so in every case. 

Ex. 2. Add together 69 and 27. 
Sixty-nine = 6 tens + 9 nnits, 
Twenty-seven = 2 tens + 7 units ; 

• *. Sixty-nine + Twenty-seven = (6 + 2) tens + (7 + 9) units 

= 8 tens + 16 units 
= 8 tens + (1 ten + 6 units) 
= 9 tens + 6 units 
= 96, Anstver. 

This example has shown us that, when the sum of the nnits requires 
two flgnires to express it, the right-hand figure of ^e sum is put in 
the units' place of the answer, while the left-hand figure is carried 
to the sum of the tens, and § 10, N.B. 2 teaches us that the same 
thing will obtain for the sum of the tens, the hundreds, fto., as in the 
following example : — 



8. Add together 439, 62, 8341, and 796. 

The sum of the units = 9 + 2+1 + 6 = 18. 
As above, set down 8 in the units' place, and cany 1 to the tens. 

The sum of the tens = 3 + 6 + 4 + 9 + 1 carried = 23. 
Set down 3 in the tens' place, and carry 2 to the hundreds. 

The sum of the hundreds = 4 + 3 + 7 + 2 carried = 16. 
Set down 6 in the hundreds' place, and carry 1 to the thousands. 

The sum of the thousands = 8 + 1 carried = 9. 
Set down 9 in the thousands' place. 

Answer, 9638. 

By the help of the three preceding examples, the pupil 
will be enabled to understand the following Eule : — 
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BULS.— HaTlniT expressed In fignres tbe numbers to be added 
together, proceed as follows :— 

1. Arrange tbem one beneath the other in snCh a manner that 
their units' figures may be In an upright row, and their 
remaining figures in rows parallel to the row of units, ^ 
thus— 8341 

2. Add up the row Of units, express their sum in figures, ' 
and put the units* figure of this sum beneath the row of 9638 
units. 

8. Take the remaining figure (or figures) of this sum, and add it 
to the sum of the figures in the row of tens. 

4. Take the units' figure of this new sum, and write.it beneath the 
row of tens. 

0. Take the remaining figure (or figures) of this sum, and add it 
to the sum of the figures in the row of hundreds, and proceed in a 
manner similar to that followed with the sum of the tens. 

6. Repeat this process continually till the row of figures on the 
extreme left is readied, when this dliference must be observed in 
dealing with the sum of the figures in this row, that, instead of 
aetHng down tht unUi^ figure only, iet down aU the figures which express 
this sum. 

The Bale may be illustrated by Example 3, thus : — 

The sum of its units is 18, which is equal to 1 ^«n + 8 units. 
Set doTm 8 under the row of units. 

The sum of its tens is 22, which, with the 1 ten carried from the row 
of units, makes 23 tenSt which is equal to 2 hundreds + 3 tens. 

Set down 8 under the row of tens. 

The sum of its hundreds is 14, which, with the 2 hundreds carried 
from the row of tens, makes 16 hundreds, which is equal to 1 thousand 
+ 6 hundreds. 

Set down 6 under the row of hundreds. 

The sum of its thousands is 8, which, with the 1 thousand carried 
from the row of hundreds, makes 9 thoiisands. 

Set down 9 under the row of tiiousands. 

Answer, 9638. 
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(I.) 
728 
362 
429 
731 



Exercise 4. 

Exercises in Simple Addition. 



(2.) 

8291 
7463 
2839 
6274 



(3.) 
914682 
289371 
432968 
244312 



(4.) 
208410 
692783 
400667 
862009 



(5.) 


(6.) 


(7.) 


(8.) 


7246 


44812 


2293148 


2200639 


839 


9687 


768820 


100080 


682 


82391 


300 


99635 


413 


864 


1946 


874310006 


28 


42 


8752 


43 



9, Add together 401, 920,' 6004, and 13; also, 70050, 191006, 74, 803, 
3916, and 71; alro, 413172, 200060, 1924300, 81, 706, and 90020. 

xo. Find ike turn of 19749, 2839614852, 439700080, 6101049% 
800639721050, 3829, 64280, 3007004, and 26L 

XX. Add together eight thousand six hundred and seventeen, nine hun- 
dred and five, twenty thousand eight hundred and seventy, ninety-two^ 
and four hundred and sixteen. 

xa. Add together thirty-eight thousand four hundred, one hundred 
and forty-nine thousand six hundred and ninety-two, eight hundred and 
five, seventy thousand eight hundred and forty-one, eight hundred and 
twenty-nine thousand and sixty-three. 

X3. Find the turn of seven million ten thousand eight hundred and 
twenty-nine, eighty thousand nine hundred and ninety-nine, sixty-three 
million four hundred thousand and eighty, nine hundred and seventeen, 
nine hundred and fourteen million four hundred and eight thousand and 
three, and three hundred and sixty-nine thousand and eighty-one. 

X4. Find the eum of twenty million ten thousand and sixteen, eighty- 
three thousand and ninety-one, five hundred and twenty-six million and 
twenty, eight million, eight hundred and forty-one thousand and thirty- 
eight, forty-three million six hundred and seventy-one thousand two 
hundred, five thousand and nineteen, three hundred and eighty-two 
thousand six hundred, and one hundred and eighty-two million and 
four. 
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n. Subtraction. 

18. The object of Subtraction is to find a nnmber which 
shall express the difiference between two given numbers ; in 
other words, we use this part of Arithmetic to find what 
number will remain when a less number has been taken from 
a greater. 

The number taken away is called the Bubtralieiid, the number 
from which it is taken U called the Minnend, and the nnmber which 
remains when the former has been taken from the latter is called the 
Differenoe. 

Like Addition, Subtraction is of two kinds, Simple and 
Compound, and the same distinction obtains as in Addition. 

19. We find by Simple Addition that the sum of 26 and 
52 is 78 ; therefore, if 26 be taken from 78, the remainder 
must be 52. 

Let us now see how we can find this remainder, and then 

proceed to discover a rule by which the remainder may 

be found when any number is subtracted from a greater 
number. 

Let the nnmbers be arranged one nnder the other as in Addition, 
and having the minuend above the subtrahend, 78 (Minuend.) 
thus— 26 (Subtrahend.) 

We already know that the difference is 52, so we — 
majput it down in its proper place beneath the 52 (Difference.) 
subtrahend, and we then observe that it may be found by subtracting — 

1st. The vnlts in the subtrahend from the units in the minuend (i.0.^ 
6 from 8)> and putting down the difference {i.e., 2) ; 

2nd. The tens in the subtrahend from the tens in the minuend {%,€,, 2 
from 7), and putting down the difference (i.e., 5). 
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Let US now proceed to a more difficult exaniple, and see 
whether an application of the saine process will produce the 
answer, thus — 

We know by Simple AddUi&n that 69331 + 9273 s 78604; 

ikert^ore, 78604 - 9273 = 69331. 

• '• Let the queBtion itand thtui — 

What ii the difference between 7S60i and mZi 

78604 
9273 

69331, Amwer, 

In the unM column we take 3 from 4, and put down the remainder 1 
beneath the 3. 

In the tens' column we find a diffioolt j ; we cannot sabtract 7 tens from 
no tens. We therefore take a hundred, i.e., 10 tens, subtract the 7 tens 
from it. and. lince 3 tens remain, nlaoe a 8 beneath the 7. 
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By the help of the preceding examples, the pupil will be 
enabled to understand the following Rule : — 

BULE FOR BIMPLS BTTBTRACTION.— Havlxifi: ezpressed tbe minu- 
end and sabtrabend In fiffores, and axranged the latter undemeatli 
the fozmer In sncb a manner that units are under units, tens under 
tens, ftc., proceed as foUows :— 

1. Take the units in the subtrahend firom the units in the minuend, 
and place the figure which expresses the difference in the units* place 
of the answer. 

2. Proceed in the same way with tens, hundreds, fta, pladng: the 
remainders in the tens', hundreds', Ac., places of the answer. 

3. If a figure in the subtrahend exceeds the figure in the corre- 
sponding place of the minuend, take a 1 and place it on the left of 
the figure in the minuend. Ftom the number thus formed subtract 
the number ezpressed by the figure in the subtrahend, and, having 
found the difference, express it by a figure in the corresponding place 
of the answer, and carry 1. 

Add this 1 to the next figure on the left in the subtrahend, and 
take the sum from the corresponding figure in the minuend. 

The Role may be illustrated by an example, thus :— 

From 75632 take 9481. 

In the unit^ column : 1 from 2 leaves 1 ; set down 1. 75632 

In the tens* column : 8 from 13 leaves 5 ; set down 6, and 9481 

cforj-L -— 

In the hundredth column: (4+1) from 6 = 5 from 6, which 
leaves 1 ; set down 1. 

In Vie thousand^ column : 9 from 15 leaves 6 ; set down 6, and carry 1. 

In the ten thousands* column: the 1 carried being taken from 7 leaves 
6; set down 6. 

.*. the Answer = 66161. 

The correctness of the working of sums in Subtraction 
.may be proved by adding together the Subtrahend and 
the Difference, the sum of which ought to reproduce the 
Minuend. 

B 
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Exercise 5. 
Exercises in Simple Subtraction.' 



(I.) 

89 
45 




48 
31 


(3.) 
796 
482 


(4.) 
949 
327 




(s.) 

8467 
, 2336 


(6.) 

14827 
3604 


(7.) 1 
968354 
250123 


(8.) 

[ 7423 
2612 


<9.) 
83061 
27038 


(lO.) 

508613 
7081 


(II.) 

426381 
30907 


(12.) 
526381 
6409 


(13.) 
70006014 
209318 


(14.) 

19106382 

8670991 


(15.) 

72946325 

869999 


(16.) 

142857310 
141963882 


(17.) 
10101160330 
801209337 



18. What number remauis ^hen one million four hundred thousand 
six hundred and nineteen has been taken from one hundred millions 
and two ? 

19. What is the difference between sixteen thousand and eighteen, and 
one million ? 

20. If eighty-nine b^ added to fourteen thousand six hundred and 
forty-three, how many m^st b^ lidded to the sum to make it ten 
millions? 

21. Add together 493 and 1874], from the sum take away 28, and then 
say by how many this remainder exceeds the sum of 801 and 1931. 

23. How much greater is 314920638 than 8996673 ? 

23. By how many is 698390997 less than 4590132000? 

24. How many must be add^d to the sum of 99, 416305, and 2180, that 
it may exceed the difference between 19104 and 605 by 1143200 ? 

25.* Add together the following numbers .'—Nine millions seventy thou* 
sand four hundred, three hundred and thirty-three thousand and six, 
four hundred and seven thousand and ninety, fifty-six thousand seven 
hxmdred ; subtrcbct from the sum, seven hundred and eighty-four thou* 
sand and six, and write out the answer in words. 
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26. Add together four millions seyenty-eight thonsand and ninety, 
fifty thoTuand six hundred and seventy -four, three hundred and five, ten 
millions four hundred and seven thousand and ninety-eight, sevenigr 
thousand six hundred and three ; from the sum take away six hundred 
and six thousand seven hundred and seventy, and write out the answer 
in words. 

27. Add together five thousand and thirteen, eighty thousand and 
forty-seven, twenty-nine, five hundred and sixty-eight thousand and 
seven. Subtract the result £rom seven hundred and three thousand 
seven hundred and three, and write the remainder in words. 

28. Add together two millions seventy thousand and fifty-nine, one 
hundred and twenty-seven, fifty thousand and sixteen, ninety thousand 
and thirty-two, four hundred and seven thousand one hundred and seven, 
TaJce away nine hundred and seven thousand nine hundred and five, and 
then say how much the remainder differs from five hundred thousand, 
and write out the answer in words. 



in. Multiplication. 

20. The object of Multiplication is to find the sum of a 
given number when repeated a certain number of times. 

The numher which is to he repeated, or, in other words, which is to he 
muUiplied, is called the Multiplicaxid ; the numher which indicate how 
often it is to he repeated— t.e., the number by which it is to be multipUed 
— is caUed the Multiplier ; and the number which is found by multiply- 
ing the former by the latter is called the Produot. 

If more than two numbers be multiplied together, the result is caUed 
the Contlxined Frodnot. 

Multiplication is either Simple or Compound, and the 
same distinction is made as in Addition and Subtraction. 

21. Multiplication is simply a shortened method of 
Addition — thus, if we want to know the value of 9 + 9 + 9, 
we find by Addition that it is 27, but by the Multiplication 
Table we find at once that three nines make twenty-seven. 



ARITHUETia 
The Uoltiplicatloii TaUe. 



1 

2 
3 


2 

4 
6 


3 
6 

9 


4 


5 


6 


7 


8 


9 


10 


11 


12 


12 


10 


12 


14 


16 


18 


20 


22 


24 


15 


IS 


21 


24 


27 


30 


33 


36 


4 


8 


12 


16 


20 


24 


28 


32 


36 


40 


44 


48 


5 
6 
7 
8 
9 

10 
11 


10 
12 


15 


20 


25 


30 


35 


40 


45 


60 


65 


60 


18 


24 


30 


36 


12 


48 


54 


60 


66 


72 


14 

1« 
18 
20 


21 
24 
27 


28 


35 


42 


49 


56 


63 


70 


77 


84 


32 
36 


40 


48 


66 


64 


72 


80 


88 


96 


45 


64 


63 


72 


81 


90 


99 


108 


30 


40 


50 


CO 


70 


80 


90 


100 


110 


120 


22 


33 


44 


65 


66 


77 


88 


99 


110JI21 


132 


12 


24 


3S 


48 


60 


72 


84 


96 


108 


120 


132 


144 



The manner of using this Table will be boBt shown by an 
example, thus — 

To find the yrodmi of 7 x S, take the honimital colnmn irMoli his7 
in Iti left-hand Aqnare, mnd find whnt nnmber stands in the iqnare at 
wMch this colmnii int«nscts the reriioal column vhich hju 8 in itfl top 
■qnare. The aqnare at the iDterseetian cDntaina tbe product — vii., 66. 

S'.B.—l. This Table ihonld be bnomi bj heart; and it ehauld be 
noticed that the inodoot of odj two nninbers is the lome whioherei of 
thembtakeoMthAmoltipliei— «.ff., 7timee8 = 8timei7; ISUntnlti 
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s 141 times 19. This is illostratcid in the ahove Table by |k double row 
of dark figures f onmng the diagonal of the square. 

2. No Table has been given for Addition or Subtraction. The pupil 
will in most cases be able to add and subtract numbers without the 
assistance of a Table. 

22. Simple Multiplication is generally said to be of two 
kinds— viz., Shoet Multiplication and Long Multipli- 
cation. 

L Short Multiplication is the name given to the process 
when the multiplier is 12 or less than 12. It is so called 
because in this case we write down the answer figure by 
figure at once. 



1. Find the sum of 7 times 6438 — 
By Simple Addition — 

Having written the multiplicand seven times we find that ^^^g 

ITie sum of the units is 56 : put down 6 and carry 5. 6438 

l%e sum of the tens is 21, which, with the 5 carried from the 6438 

units' column, wiU make 26 : put down 6 and carry 2. g?|g 

The sum of the hundreds is 28, which, with the 2 carried ^433 

jErom the tens* column, will make 30 : put down and carry 3. 6438 
The sum of the thousands is 42, wMch, with the 3 carried 

^m the hundreds' column, wiU make 45 : put down 45. 



45066 
Answer, 45066. 

By Simple Multiplication — 

Writing down the multiplicand once, and placing the multiplier be- 
neath the units* figure of the multiplicand, we proceed as follows : — 
8 X 7 = 56 : put down 6 and carry 5^ 
8 X 7 = 21, which, with the 5 carried, will make 26 : put ^.^ 

down 6 and carry 2. ^ 
4 X 7 = 28, which, with the 2 carried, will make 30 : put 

down and carry 3. 46066 

6 X 7 = 42, which, with the 3 carried, wiU make 45 : put 

down 46. 

Answer, 46066. 

Jjj comparing these two processes we find that in Short 
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Multiplication the same results are obtained as in Simple 
^Addition. 

II. Long Multiplication is the name given to the pro- 
cess generally employed when the multiplier exceeds 12. 

The number at wbich Short Multiplication ceases to be employed and 
the use of Long Multiplication commences is purely optional, and depends 
merely on the number to which the Multiplication Table has been 
learnt ; but 12 is the number usuaUy adopted in schools. 

Ex. 2. Multiply 5792 by 6438. 

We must first understand that, if any muUiplicand he itparated into 
f^MrtSf and each part be multiplied by a given number , the sum of thepro^ 
ducts thus found wiU be equal to the undivided multiplicand x that given 
number^ thus — 

17 = 9 + 8 
.-. 17 X 6 = (9x6) + (8 X 6). 

We know (by § 21, N.B. 1) that 5792 x 6438 = 6438 x 5792. Also, 
we know that — 

Since 6438 = 6000 + 400 + 30 + 8, 

.-. (5792 X 6488) = (6792 x 6000) + (5792 x 400) + (6792 x 30) + 
(5792 X 8). 

Let US apply this to find the Bole for Long ^ 
Multiplication. 

Having placed the multiplier under the multiplicand, units g § S § 

under units, tens under tens, &c., proceed thus : — § {§ § p 

By Simple Multiplication and the use of § 10, N.B. 2, we 5 7 9 2 

find that— ^1^ 

(1.) 6792 x8 = 46336 

(2.) 6792 X 3 = 17376. 

.-. 5792 X 3 ierw = 17376^«w « 17 3 7 6 

(3.) 5792 X 4 = 23168. 

.*. 5792 X 4 hundreds = 23168 hundreds - 2 3 16 8 
(4.) 5792 X 6 = 34752. 

.'. 5792 X 6 thousands = 34762 thousands = 3 4 7 5 2 
Now, by Simple Addition, the sum of these 

products = 37288896 

.'. 5792 X 6438 = 37288896, Answer, 

The reason of the following Rule will now be evident :— 



oS 
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BULB^ 

1. Beglnnlnfi: with 8, the uniU^ figure of the miUtipUer, multiply the 
tirlicfle mnltipllcaiid thereby, and write the product, 46336, beneath 
fhe line, as before. 

2. FroceedlnfiT to 3, t?ie ten^ figure of the mTiUiplier, multiply the 
whole multiplicand thereby, but 6, the unita* figure of the present product, 
must he placed exactly under 3, the present multiplier, Le., under the tcni 
•figure of the last product, 

8. Advancing to 4, th£ hundreds^ figure of the multiplier, multiply the 
whole multiplicand thereby, and write the product under the last 
product, in this case also pladng: 8, the units' figure of the present 
product. Immediately under 4, the present multiplier. 

4. Ck>mlng now to 6, t^ thousandth figure of the multiplier, multiply 
the whole multiiflicand thereby, and write the product under the 
last product* observing the same rule in placing 2, the units' figure 
of the present product, exactly under 6, the present multiplier. 

The whole column is then added up as before, and the sum is the 
answer. 

2f,B. — It is not essential that we should multiply by the units' figure 
first : an inspection of the following methods of working an example will 
show that we can use any digit of the multiplier as the initial multiplier, 
provided only that in every case the units* figure of the product be placed 
exactly under the figure of the multiplier by which that product was 
obtained, thus — 

Multiply 64109 by 70638. 
(1.) Beginning with the hundred^ figure — 64109 

70638 



384654 
448763 
192327 
612872 



4528631642 
(2.) Beginning with the ten thousands^ figure — 64109 

70638 



448763 
612872 
384654 
192327 

•4628631642 
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Exercise 6. 
Ezercisea in Simple MultiplicatioxL 



(I.) 

7243 
3 



(2.) 
9164 



(3.) 
82413 
7 



(4.) 
66413 
6 



(5.) 
814372 

4 



(6.) 

284175 
8 



(7) 

2355667 
9 



(8.) 


(9.) 


91643027 


6240328 


11 


12 



(lO.) 

42874 
13 



(II.) 
6129408 
23 



(12.) 

22638409 
57 



(13) 
91428364 
85 



(14.) 

6284 

916 



(IS.) 
238074 
9615 



(i6.) 
72351 
6849 



(i8.) 
2883050503 
7006 



(19.) 
42691470008 
61003 



(20.) 

387159 
60834 



(21.) 

96413 
20074 



(22.) 

623100804 
900683 



(17.) 
8436209 

703 

25308627' 
59053463 

6930654927 



(23.) 

61792 
31846 



(24.) 
240639 
260083 



(25.) 

27816304 

2090604 



(26.) 

324139 
620065 



27. Find the product of 14 times the difference between 6183 and 200. 

28. Find the product of the sum and difference of 2010 and 161438. 

29. Find the continued product of forty-two, one hundred and six, and 
eighteen thousand and nineteen. 

30. Multiply 620149293 by 81792648, add the sum of 4962 and 41382714 
to the product, and say how much the result exceeds the continued pro- 
duct of 18162, 409, and 73. 

31. Find the sum of the continued products of 86, 21, and 714, 26, 308, 
and 704, 213, 4005, and 6072 ; multiply the sum by itself, and say how 
many must be added to, or subtracted from, the product to make it equal 
to 6 times the continued product of 64, 32, 7, 108, and 26. 
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IV. Division. 

23. The object of Division is to find how many times a 
glyen number contains another given number. 

The nmnber to be divided is caUed the Dividend, the number by which 
it is to be divided is caUed the DlvlBor, and the number which expresses 
the number of times which the former contains the latter is called the 
Quotient. 

The same distinction holds between Simide and Com- 
pound Division as between Simple and Compound Addition, 

24. Division bears the same relation to Subtraction that 
Multiplication does to Addition, for Division may be 
described as — 

" The method hy which we find how many times one nujiiber must be 
taken to make up anoUurJ'* 

Or, '* The method by which we find how many times one number may be 
taken from another. ^^ 

Ex. Let it be required to find how many times three may 
he taken from twelve. 

We find that, takmg twelve counters we can diidde them 

into four groups of three, so that three may be taken four times from 
twelve; in other words, if twelve be divided by three, the Quotient wiU be 
four, which is thus expressed, 12 -r- 3 = 4. 

25. The object of Division is exactly the opposite of that 
of Multiplication, being in fact the undoing of what may 
have been done by Multiplication, thus — 

8 X 3 = 24 ; this is an example of Multiplication, our object being to 
find what number is equal to the sum of eight threes. But in 24 -- 3 = 8 
we have an example of Division, our object now being to find how many 
times the three was t^en to make twenty-four. 

The Multiplication Table also serves as a Division Table, 

thus — 
To find how many times 8 is contained in 72, find the horizontal 
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column wliicli has 8 in its left-hand square, then seek 72 in that column, 
and, having found it, pass the hand to the top of the yertical column in 
which the 72 was found. The figure 9 standing there expresses the num- 
ber of times that 8 is contained in 72. 

26. In Division, as in Multiplication, there are two 
difiPerent names given to the two methods which are respec- 
tively the converse of Short Multiplication and the converse 
of Long Multiplication. 

The method by which Division by any number less than 
13 is performed is called Short Division^ and that employed 
for dividing by a number greater than 12 is called Long 
Division. 

27. If a nurriber he divided into several parts and each of 
these parts be divided by a given divisor, the sum of their 
quotients will be equal to the single quotient found by dividing 
the whole number by the same divisor, thus — 

72 = 30 + 18 + 24 
and 72 -5- 3 = (30 ^ 3) + (18 -f 3) + (24 ^ 3) 
i.e,, 24 = 10 + 6 + 8. 

This proposition will be immediately found useful. 

28. Short Division being the converse of Short Multipli- 
cation, it will evidently be the most satisfactory way of find- 
ing the Rule by which Short Division may be performed, 
to take a number, multiply it by another number, and, 
using the Product for a Dividend and the Multiplier for a 
Divisor, find some method by which the original number 
may be found as a Quotient, thus — 

Ex.1. 213x3 = 639. .-.639 + 3 = 213. 

Therefore, let the question be — 

** How many times is 3 contained in 639 ? " 
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We already know that the answer is 213, but onr present object is to 
find this answer, supposing ourselves to be totally ignorant of it. 

lat. Since 639 = 600 + 30 + 9 

it foUows that 639 -h 3 = (600 -r- 3) + (30 -i- 3) + (9 -7- 3) 

= 200 + 10 + 3 
=s 213, Answer . 

2c d. But it is evident that the figures of this answer are the same aa 
would be found by dividing 639 by 3 in the manner following : — 

3 1639 

213 

Having arranged the dividend and the divisor as above, say — 

Threet in Six 1 {i,e,. How many threes are contained in six f) Two : put 

down 2 under the 6. 
Threes in Three? One : put down 1 under the 3. 
Threes in Ifine f Three : put down 3 under the 9. 

Answer, 213. 

The Reason of this Process is apparent from the consideration which 
preceded it, and may be thus expressed — 

Three is contained twice in six; therefore it is contained two hundred 
times in six hundred, and the 2 being put in the place of hundreds indi- 
cates this two hundred. 

Three is contained once in itself; therefore it is contained one ten 
^aa.e&m three tens; and the 1 being put in the place of tens indicates 
this ten. 

Three is contained three times in nine, and the 3 being put in the 
place of units indicates this three. 

And therefore 
the three figures 213 express the answer, 

Ex.2. 487x3=1461. .-. 1461+3 = 487. 

Therefore, let the question be— 

" How many times is 3 contained in 1461 ] " 

3 11461 

487 

In attempting to apply the above process to this example we encounter 
a difficulty at the very outset, for, the thousands' figure of the dividend 
being 1, we cannot divide it by 3. It is evident therefore that the answer 
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mutt he leu than a ihoutemd, and, this being the case, it ii also evident 
that ^ wMwer mutt be expretted by lett than four figuret, because any 
whole number of four figures must be at least a thousand. We therefore 
oondude that, when the dwitor it greater than the firtt figure on the l^t 0/ 
the dwidend, the firtt figure on the left of tfie antwer thoidd be placed under 
the teeond {or third} figure of the dividend^ counting from the left. 

The difficulty is now easily overcome by reducing the thoQsanda to 
hundreds, thus — 

One thousand four hundreds = fourteen hundreds; 

and, since 14 •?- 3 = 4 and 2 over, 

14 hundreds -~ 3 = 4 hundreds and 2 hundreds over ; 

therefore put 4 under the 4 in the dividend (t.e., put 4 in the place of 

hundreds), to express the /our hundredt. 

Or, which comes to the same thing, proceed by the following Rule : — 

BULB.— When the first flgnire on the left of the dividend Is less 
than the divisor, take the first two (or three. If necessary) fignres of 
the dividend, find how many times the number expressed by these 
figures contains the divisor, pnt beneath the second (or third, if 
three be talcen) figure from the left of the dividend a figure to 
express the times the divisor is contained in the number, and carry 
the figure which is over. 

The remainder of the answer may now be found by a process which 
depends upon the foregoing explanations ; and to put the whole process 
clearly, the example will now be worked completely through, thus — 

3 1 1461 
487 

Threet in one f there are none; leave the space beneath the 1 vacant. 

Threet in fourteen 1 there toe four and tuDO over; put a 4 under the 4 
and carry 2. 

Bringing down the 6, the next figure in the dividend, and placing it 
beside the 2 carried, we have a number 26 ; therefore, 

Threet in ttuenty-tix t there are eight and two over ; put an 8 under the 
6 and carry 2. 

Bringing down 1, the next figure in the dividend, and placing it beside 
the 2 carried, we have a number 21 ; therefore, 

Threet in twenty-one t there are tewn; put down a 7 under the L 

Antwei*, 487. 
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29. Long DivisioiL It will have been observed thafc 
Long Multiplication is not a process founded on any prin- 
ciple which differs from that of Short Multiplication, but 
that it is in fact nothing more than an abbreviated form 
for performing Short Multiplication, with high numbers 
for multipliers. The same may be said of Long Division as 
compared with Shcyri Division — ^the former is nothing but a 
varied and accommodated form of the latter, as we shall 
now proceed to show — 

Ex. 2906 X 42 = 122052. .-. 122052 ^ 42 = 2906. 

Therefore, let the question be — 
** jHom; inany times is 42 contained in 122052 1'* 
We will find the answer in two ways, viz. — 

L By Short Division- 
It 18 evident that, if we knew the forty-two times Table, ^ 

we could do the work by Short Division ; let us therefore 1 are 42 

make out the Table aa below. 2 „ 84 

Then »y- 3 , 126 

Forty-twos in vm f there are none ; there- 6 ^ ^ 210 

fore leave the space beneath the 1 vacant. ^ t ^22052 ^ ** ^^ 

Forty-twos in twelve f there are none ; — irrr ^ »» *^ 

therefore leave the space beneath the 12 9 *' ^3 

vacant. 

• 

Forty-twos in^ one hundred and twenty-two t there are two and thirty* 
eight over; therefore put down a 2 beneath the 2 in the thousands' place 
of the dividend, and cany 38. 

Bringing down 0, the hundreds* figure of the dividend, and placing it 
beside the 38 carried, we have 380 ; therefore. 

Forty-twos in three hundred and eighty f there are nine and tteo over ; 
put down 9 beneath the and carry 2. 

• Consider thus : — Twice 42 = 84, and three times 42 = 126. Therefore 
122 contains more than two forty-twos and less than three forty-twos — 
i.e., it contains two forty-twos and a remainder — i.e., it contains two 
forty-twos and 122 - 84 — i.e., it contains two forty-twos and thirty-eight 
remainder. 
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Bringing down 5, the tens* figure of the dividend, and placing it besida 
the 2 carried, we have 25 ; therefore, 

Forty-twos in twenty-five f there are none ; put a under the 5, and 
bringing down 2, the units* figure of the dividend, place it beside the 25, 
thus making 252, and say, 

Forty-twos in two hundred and fifty-two t there are six ; put down 6* 
Tinder the 2. 

Answer, 2906. 

II. By Long Division — 

It is evident that we may place the figures 2906 (t.e., the quotient] in 
any place on our paper, provided only that we put the figures 2, 9, 0, 6, 
in their proper order. 

In Long Division we find it convenient to place them on the right hand 
of the dividend, thus — 

The method by which these figures are found will 
42) 122052 (2906 ^ow be explained, thus- 

• Forty-twos in one f there are none. 

380 

Q^ Forty-twos in twelve t there are none. 

" ty^n Forty-twos in one hundred and twenty-two f When 

252 ^e were doing the sum by Short Division, we con- 

^~^ suited the Table at this point, and found that the 

dividend contained the divisor twice, but not three 

times. To find the remainder, we took 84 {i.e.y twice 42) from 122, and 

the difference, 38, was the remainder. But now, instead of putting the 

2 beneath the dividend, we place it (m the right of the dividend, and we 

show how the whole calculation has been accomplished, for we put 84 

({.«., twice 42) beneath the 122, and then, by subtracting, we find the 

remainder, 38. 

Also, we bring down the 0, the hundreds' figure of the dividend, and 
place it beside the 38 which remained from the last operation. In this 
way we get the new number 380, and say — 

Forty-twos in three hundred and eighty f The Table tells us it will 
"go** nine times ; we therefore place a 9 on the right of the 2 in the 
quotient, multiply 42 by 9, place the product 378 beneath the 380, 
subtract the former from the latter, and find the remainder to be 2. 

Next, we bring down 5, the tens* figure of the dividend ; and having 
thus obtained the new number 25, we say — 
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Fortff-hoo8 in twenty-five f there are none ; therefore put a in the 
quotient, and bring down 2, the units* figure of the dividend ; and having 
tiius obtained the new number 252, we say— 

Fortp-tvfos in two hundred and fifty-two f The Table tells us it will go 
exactly six times; therefore put a 6 in the quotient; multiply 42 by 
this 6; put down the product, 252, beneath the 252; subtract, and 
nothing remains, neither is there any other figure in the dividend. 

Therefore the Anewer is 2906. 

N.B, — It is not usual to make out a table before commencing to work 
sums in Long Division. The general method is to try such a figure in 
the quotient as seems most likely to give a proper number for subtract^ 
ing from the number produced by the oanying figure and the figure 
brought down from the dividend. The following is the rule generally 
used to test whether the trial figure is the right one : — 

BULE.— If the number produced by multiplying: tbe divisor by tbe 
trial flgnire in the quotient exceed tlie number from which the product 
is to be subtracted, the trial flgnire is too great, and a less one must 
be tried ; but if the product he lees than the number f^m which it is 
to be subtracted, proceed to find the difference. If this difference 
exceed the divisor or be equal to it, the trial number is too small, and 
a greater one must be substituted for it ; but if the difference he less 
than the divisor, the number tried is the correct one. Also, if the 
product be equal to the number from which it is to be subtracted, the 
trial figure is the correct one. 

30. It now remains to show that the process by which 
Long Division is performed is the exact converse of the 
method by which Long Multiplication is performed. 

Ex. 427x6358 = 2714866. .-. 2714866 -r 6358 = 427. 

fiOKQ 

By inspecting the process by which 427 is multiplied by 6368, 427 
we find that 2714866 = 2543200 + 127160 + 44506. 

Therefore, 127160 

(2714866 -^ 6368) = (2643200 ~ 6358) + (127160 ^ 6368) + 2543200 

(44606-^6368); ^^^^ 
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And 6358) 2543200 + 127160 + 44506(400 + 20 + 7 = 427, Answer. 
2543200 



127160 
127160 



44506 
44506 



Exercise 7. 
Exercises in Simple Division. 



1. 684-f^. 

2. 7824-i-2. 

3. 90684032-^2. 

4. 7192018-^2. 

5. 691722-^3. 

6. 8269172-^3. 

7. 928480-T-4. 

8. 91628030^6. 



9. 7726164-^6. 

10. 4270147-^7. 

11. 36412838-r7. 

12. 21963824-i-7. 

13. 81602496-T-8. 

14. 3276419328-f 8. 

15. 712830915-^8. 

16. 18450639^9. 



17. 241387641^9. 

18. 8613927813-7-9. 

19. 44667788-Ml. 
20.. 31462915-4-11. 

21. 316990837-Ml. 

22. 814369248-4-12. 

23. 719842683-4-12. 

24. 416827019-7-12. 



25. Find how many times 9 is contained in the sum of 36 times 418, 
103 times 99142, and 1742 times 10649218. 

26. How many times may 7 he taken away from the difference hetween 
8081 times 364196, and 38507 times the sum of 16418, 71430, and 
139164218? 

27. How many twelves are required to make up the product of 44839 
times 16836? 

28. Divide 4719585 hy 15; 121259976 hy 19; 144073854 by 18; 
163370127 by 23 ; 81789279 by 13. 

29. Divide 7628409 by 19 ; 700600448800 by 67; 8139621 by 29; the 
continued producft of 64, 83, 705, 6281, and 1004 by 13. 



30. 2831265-^45. 

31. 200914630-4-79. 

32. 84268044-4-93. 

33. 84000000000-4-101101. 

34. 2186315712^604. 

35. 620397182^443. 

36. 2659329034^638. 



37. 2008006009977-7-47. 

38. 491024326-^587. 

39. 361209103-i-6172. 

40. 4957133022380-^60401. 

41. 8463920684-4-8147. 

42. 1303272875-r-60875. 

43. 2426729184-^62288. 



SIMPLE diviskAt. 33 

44. 573880765072596-^714928364 

45. 71264193610 -^ 412936. 

46. Divide 30 millions by 101. 

47. Multiply 6481391 by 18, and divide the product by 613004. 

48. How many times may 634005008 be taken from 574601274770432? 

49. How many times must 613492 be taken to make 4930021712? 

50. Divide the continued product of 14, 13, 17043 and 618279 by 191. 

31. We shall now point out some abbreviated methods* 
of working exercises in the Simple Eules. 

Ex. 1. Multiply 6492 by 42. 

jBince 42 = 7 x 6, the answer is found as below : — 

6492 

7 



7 times the multiplicand = 45444 

6 



• . 



(6 times 7 times =) 42 times the multiplicand = 272664, Answer. 

Ex. 2. Divide 272664 by 42; and 9143826 by 63. 

f 6 jJ72664 f 9 L9143836 

^\7 \ 45444 ^17 I 1015981+7 ).fi 

6492, Answer, 145140+1 ( ^^ 

The 16 over is found by multiplying 
the first divisor, 9, by the last remain- 
der, 1, and adding the product to the 
first remainder, 7. 

Ex 3. Muliiply 9643287 by 378427. 

9643287 
(378)(42)(7) 

7 times the multiplicand = 67503009 

42 times the multiplicand = 6 times 7 times the multi- ) __ 4050-1 QA54 
pUcand = 6 times 67503009 i " 

378 times the multiplicand = 9 times 42 times the ) __ 

multiplicand = 9 times 405018054 / - 3645162486 



Answer, 3649280169649 



* The student is referred to the author's ''* Mental Arithmetic for Pupil 
Teachers and Students in Training Colleges,^* for further information on 
this subject. 

O 
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Ex. 4. Muliijply 2384 by 19. 

2384 (4 x9)=36 ; set down 6 and carry 3. 
21 (8x9)+3 oarried+4, the units* figure of the multiplicand =s 



45296 79 . get down 9 and carry 7. 

(3 X 9) + 7 carried + 8 the tens* figure of the multiplicand = 42 ; set down 2 

and carry 4. 
(2x9) +4 carried +3 the hundreds* figure of the multiplicand = 25 ; set 

down 6 and carry 2. 
2 carried +2 the thousands' figure of the multiplicand = 4 ; set down 4, 

Answer, 4BS96. 

Ex. 5. Muliijply 843719 by 80. 

Since 80 = 10 x 8, we may use the same process here that we did in 
Ex. 1; but, multiplying 843719 by 10, we get 8437190, where it will be 
noticed that the same resvU would he obtained by simply annexing a cypher 
to the right of the multiplicand. 

The operation is therefore usually performed as below : — 

843719 1st. Bring down the cypher. 

80 2nd. Multiply the multiplicand by 8. 

67497620, Answer, 

Ex. 6. Multiply 43926 by 64000. 

This will be done in a manner similar to that by which Ex. 6 waa done^ 
thus — 

43926 
64000 



176704000 
263556 



2811264000, Ansioer, 

7. Divide 271830 by 30. 

3,0 I 27183,0 1st. Cut off a cypher from the divisor, and also 

9061 Anw>er, ^^® from the dividend. 

2nd. Divide 27183, the remainder of the divi- 
dend, by 3^ the remainder of the divisor: the quotient 9061 is the 
answer. 
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8. Divide 49386 hy 630. 

lit. Cut off a figure from the divisor and one alio 68,0)4938,6(78 
from the right of the dividend. 441 

2nd. IMvide the remainder of the dividend by the 
remainder of the divisor: the quotient is the whole 
number of the answer. _____ 

The remainder is found by placing the 6 which was 24 

out off from the dividend, beside the 24 which re- 
mained after subtracting 504 from 528. 

Answer, 78 and 246 over, %,e. 78|||. 



528 
504 



Ex. 9. Multiply 86423 by 999. 



By Subtraction < 



1000 times 86423 = 86423000 
Itime 86423= 86423 



i 999 times 86423 = 86386577, .ifiMMT. 

Exercise 8. 
IDscellaaeoas Exercises in the Simple Rules. 

z. Multiply 31482 by 974 ; divide the product by 583. What must be 
taken from the quotient to leave exactly 100? 

2. Explain, as you would to children, how to subtract 1607 from 10340. 

3. Divide nine millions nine hundred and ninety-eight thousand five 
hundred and fifty, by seven thousand eight hundred and forty-two, and 
write out the answer in words. 

4. Explain the difference between the methods of Long and Short 
IMvision. 

5. Divide one million four hundred and seventy thousand three hun- 
dred and twelve, by two hundred and sixteen, and explain each step of 
the process. 

o o 59 

7. What number subtracted 28 times from 479632 will leave 20 as a 
remainder? 

8. IMvide 3672972 by 2 X 3 x 6 (short division). Explain every step 
of the process. 

9. Divide nine millions and forty-four thousand four hundred and 
nineteen, hp eight thousand and eleven 
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la Divide lix millions leven hundred and twenty-tliree thonsand elg^i 
hundred and sixty-four, bp forty thousand and twenty-three. 

11. Find the value of (503407 x 82) - (3792 x 48) + (94185 -f- 273). 

12. In a question of Division, if any three of the four terms, divisor, 
dividend, quotient, remainder, be given, the remaining term may be 
found. Prove this by examples. 

13. What is the difference between the thousandth part of a million 
and the 25th part of 20000? 

14. Multiply four thousand and ninety-six by six hundred and twenty- 
five ; and divide eight millions by one hundred and twenty-five ; using, in 
each case, the quickest and easiest method that you know. 

15. In a Multiplication sum the multiplicand was 72038, and the pro- 
duct was 332023142 ; what was the multiplier? 

16. In a Division sum the quotient was 9008, and the dividend was 
3675291024 ; what was the divisor? 

17. The divisor of a Long Division sum was 81200, and the quotient 
was 84106000 ; what was the dividend? 

18. In dividing £27770000 amongst a body of men it was found that 
after each man had received £324 there yet remained £5792 ; how many 
men was the money divided amongst? 

19. If the quotient of a Division sum be tV of the divisor, and the 
divisor be 83 times greater than the remainder, find the dividend when 
the remainder is 212. 

2a Multiply 200436972018 by 138064672968 in the shortest manner you 
know. 

21. What number is that to which if 38 and 5 times 38 be added, and 
the sum so found be further increased by 7 times itself, the total sum is 
2400? 

22. What number is that which being increased by 23, and then multi- 
plied by 302, gives a product which is greater by 183946 than the product 
found by multiplying 500 by one-half of itself? 

23. If 80800 be multiplied by one-tenth of itself, and the product be 
reduced by the sum of 1401 taken fifteen thousand times, what number 
can be taken exactly one hundred times from the difference f 

24. What number is that which being increased by 60390, 70109, and 
609300, and the turn being multiplied by 38, gives a product of 54784562? 



CHAPTER II. 

The Greatest Oommon Measnre and Least Oommon 

Multiple. 

DEFINITIONS. 

32. I. When one number will divide another number 
without remainder, the first is said to be a measure of the 
second, and the second is said to be a multiple of the first. 

Thus, 6 and 7 wiU both divide 42 without remainder ; therefore 6 and 
7 are each said to be metuures of 42, and 42 ig said to be a multiple of 6 
and also of 7. 

2. When one number is a measure of another, the first is 
said TO MEASURE the second. 

Thns, in the above example 6 is said to measure 42. 

3. When one number will divide each of two or more 
numbers without remainder, it is said to be a common mea- 
sure of these numbers. 

Thus, 4 wiU measure 24, 32, and 112 ; therefore 4 is a Common Measure 
of 24, 32, and U2. 

4. The greatest number which will divide each of two or 
more numbers an exact number of times {i.e., without re- 
mainder), is called the greatest common measure of these 
numbers. 

Thus, in the above example, 8 is the greatest number which wiU mea- 
sure 24, 32, and 112, therefore 8 is said to be the OrecUeet Common Mea* 
sure (G.C.M.) of 24, 32, and 112. 

5. When one number can be exactly divided by two or 
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more numbers, it is said to be a COMMON multiple of these 
numbers. 

Thus, since 72 can be exactly divided by 8 and alBO by 12, it is said to 
be a Common Multiple of 8 and 12. 

6. The least number which can be divided by each of two 
or more numbers is called the LEAST common multiple 
(L.C.M.) of these numbers. 

Thus, 24 is the Leaxt Common MvUiple of 8 and 12, because it is the 
least number which can be divided by each of these without remainder. 

7. A COMPOSITE NUMBER is a number which is the product 
of two or more other numbers — i,e.y a number which is 
exactly divisible by other numbers besides itself and unity. 

Thus, 63 is a composite number, because it is the product of 7 x 3 x 3. 
Hence, every midiiple of two or more numbers is a com^potUt numJber, 

8. The factors of any number are those numbers 
which when multiplied together will produce that number. 

Thus, 8 and 3 are the fcLCtors of 24. 

Hence, every mM>8ure of a number is k factor of that number. 

9. A PRIME NUMBER is one which cannot be resolved into 
factors — I.e., a number which is not exactly divisible by any 
number besides itself and unity. 

Thus, 7, 3, 41, 113 are prim^ numhtrs, neither of them being reducible 
to factors. 

Every measure of a number is not necessarily a prims number^ but 
eveiy number may be reduced into prims factora — ».e., into factors which 
are prime numbers. Thus, 24 may be measured by 6 and by 4, but 
neither 6 nor 4 is a prime number, the first being the product of 3 x2, and 
the second of 2 x 2. 

N.B. — In speaking of the factors of a number it is usual to exclude 
Unity, BO that a number divisible only by itself and Unity is considered 
as having no factors nor measures. 

10. Numbers which have no common measure but unity 
are said to be prime to each other. 

Thus, 14 and 55 ai^ prime to each other, because neither 7 nor 2, the 
measures of 14, is a measure of 55. 
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HOW TO FIND THE G.O.M. and the L.O.U., of two or 

more numbers. 

33. Two problems are suggested by the consideration of 
this part of our subject, viz. : — 

Ist. How to find the G.O.M. of two or more otunbers : 
2nd. How to find the L.C.M. of two or more munbers. 

In investigating the methods by which each of these may 
be found, we shall be materially assisted by the following 
proposition : — 

" A Common Measure of any two nurribers is also a measure 
of their sum, of their difference, and of any multiple of either of 
them.'* 

Thns, 7 is a Common Measnre of 28 and 91 ; 

7 is also a measure of their turn, ie. of 28+91, i.e. of 119. 

7 is also a measure of their differ ence^ of 91 - 28, i.e. of 63. 
AlsOy 7 is a measure of 5 tunes 91, and of any other multiple of 9L 
And, 7 is a measure of 8 times 28, and of any other muUiple of 28. 

I To find the G.O.M. of two numbers. 

RULE,— Divide the greater xmmber by the le&s : (if there he no re- 
mainder the less nnmher is the O.O.M., hut, if there he a remainder) 
divide the first divisor hy this remainder ; if there he stiU a re- 
mainder, divide the ilrst remainder hy this second remainder. Con- 
tinne this procese tiU a remainder is found which dlTldes the last 
remainder exactly. This last divisor is the G.CH. 

Ex. Find the G.C.M. of 1633 and 923. 

923)1633(1 
9^ 

710)923(1 
710 

213)710(3 
639 

ni)213(3 
213 



.% 71 is the G.C.M. of 923 and 1633. 



The Beaton of the Process depends upon the preceding propositiaB, 
§ 33, thus— 
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Any nnmber which ia a measure of 923 and 1633 is a measure also of 
their difference, i,e. <rf 1633 - 923, i.e. of 710, 

And is therefore a measure of the difference of 923 and 710, t.e. of 213, 

And therefore of any mtUtiple of 213, e.g. of 639, 

And therefore of 710 and 639, 

And therefore of their difference^ i.e, of 710 - 639, i,e, of 71, 

And therefore of 213 and 71, 

And therefore, since 71 is a measure of itself and 213, it is' also a 
measure of the two given numbers 923 and 1633. 

Also, 71 is the OrecUest Common Measure at the given numbers, for it 
has been shown that any number which is a mecuure of 923 and 1633 is 
also a measure of 71, and, since 71 is the greatest measure of itself, it is 
the Greatest Common Measure of 923 and 1633. 

The Truth of the Result may be thus demonstrated : 

71 is a measure of itself and 213, 
. *. 71 is a measure of itself and three times 213, %.e. of 639, and 
. *. 71 is a measure of itself and of 639 + 71, i.e. of 710, 
. *. 71 is a measure of itself and 213 + 710, i.e. of 923, 
.*. 71 is a measure of itself and 923 + 710, i.e. of 1633, 
.' . 71 is a measure of itself j 923, and 1633, 
. * . as above, 71 is the G.C.M. of 923 and 1633. 

n. To find the G.O.M. of three (or more) numherB. 

JtULE.— Find the O.C.m of any two of the niunl>er8 ; find also the 
G.C.M. of tills O.C.M. and the remaining nnml>er. Tlie O.C.M. last 
found is the O.C.M. of the three given nnml>ers. 

To find the O.C.M. of /our nnmhers, take the O.C.M. of the first 
three nnmhers, and find the O.C.M. ofihis O.C.M. and the remaining 
nnml>er; 

Or, find the G.C.M. of the first two, and the G.C.M. of the last two, 
numbers : the G.C.M. of these two G.C.M. 's will be the G.C.M. of the 
four given numbers. 

1. Find the G.C.M. of 27, 63, and 42. 

The G.C.M. of 27 and 63 is 9. 

The G.C.M, of 9 and 42 is 3. 

.-. The G.C.M. of 27, 63, and 42 is 8, Answer^ 
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2. Find the G.CM. of 3d, 52, 336, and 210. 

The G.O.M. of 39 and 52 is 13. 
The G.O.M. of 336 and 210 is 42. 

. •. The G.O.M. of 39, 52, 336, and 210=the G.O.M. of 13 and 42 

= 13, Answer. 

3. Find the aCM. o/138, 299, 759, 2415, and 2254:. 

The G.O.M. of 138, 299, and 759 is 23. 
The G.O.M. of 2415 and 2254 is 161. 

.-. The G.O.M. of 138, 299, 759, 2415 and 2254=the G.O.M. of 23 
and 161 = 23, Answer. 

We shall require the following proposition in finding 
the Least Common Multiple of two or more numbers : — 

To reduce a number to its prime factors. 

RULE.— Divide tlie given xininber l>y any prime factor of tliat num- 
ber ; do the same if possible to tbe quotient, and repeat tlie process 
tlU a quotient Is found wUch Is Itself a prime number. 

The prime fiactors of tbe given number win consist of the divisors 
and the last quotient. 



Ex. Reduce 6120 to its prime factors. 



6 16120 
2 I 1224 



2 1612 
21306 



The prime factors of 6120 are 

6, 2, 2, 2, 3, 3, 17, 

or, in other words, 

6120=5x2x2x2x3x3x17. ^ li^ 

3 I 51 

17 

34. in To find the L.C.M. of two or more numbers. 

(1.) A Common Multiple of any two or more numbers can 
always be found by multiplying them together. 

Thus, a common multiple of 6 and 7 is 6 x 7, i.e. 42 ; a common mul- 
tiple of 6, 3, 7, 13, is 5x3x7 xl3, i.e. 1365. 
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But, since any composite nvmb&r x another nwnAer = (he 
jn-odud of the prime factors of these numbers, 

We may express tHe same proposition thus— 

« 

A comm4m multiple of two or rruyre numbers can be found by 
multiplying together all their prime factors, thus — 

A common multiple of 9, 6, and 28=(3x3)x(3x2)x(7x2x2)=1512. 

(2.) JYbto U is evident that any nwmJber which contains 9x3 is a multipU 
0/9; 
Also, that any number which contains 3 x 2 w a mtdtiple ofB; 
Lastly, that any number which contains 7 x 2 x 2 m a muMple of 28. 
From which it clearly foUows that — 

(3 X 3) is a multiple of 9 because it contains 3x3: also that 

(3 X 3 X 2) is a multiple of 6 because it contains 3x2: it is also a mul- 
tiple of 9 because it contains 3x3 : therefore it is a common multiple of 
9 and 6. Further, 

(3x3x2x2x7) is a multiple of 28 because it contains 7x2x2: it is 
also a common multiple of 9 and 6 because it contains 3x3x2: therefore 
it is a common multiple of 9, 6, and 28. 

i,e,, 252 is a Common Multiple of 9, 6, and 28 ; and this number, being 
the least number which wiU meet the requirements of the several given 
numbers, is the Least Com/mon Multiple of these numbers. 

(3.) It is also evident that if one number contains another 
number an exact number of times, the number which contains the 
other is a multiple of that other, 

From which it follows that — 

In finding the L.C.M. of any numbers we may leave out of 
consideration all those given numbers which are contained in 
other given numbers. 

Thus, in finding the L.C.M. of 2, 8, 9, and 27, we may strike out the 2 
because it is contained in the 8, and the 9 because it is contained in the 
27, so that the L.C.M. of 2, 8, 9, and 27 maj be found by finding the 
L.C.M. of 8 and 27. 

(4.) Putting together all these considerations we find a 
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method for finding the L.C.M. of two or more numbers, 
which will perhaps be best explained by an example : — 

Ex. Find the L.C.M. of 2, 7, 9, 36, 25, 55, and 350. 

First : Strike out 2 and 9, because they are each contained in 36, and 
7 and 25, because they are each contained in 350. It now remaina to find 
the L.O.M. of 36, 55, and 350.. 
Second : Keduce 36, 55, and 350 to their prime factori : thus 
36=3x3x2x2. 
55=11x6. 
350=7x5x5x2. 
Then, the Least Multiple of 36 =(3x3x2x2). 

.-. theL.O.M. of 36 and 55 =(3x3x2x2) xllx5. 

And, .*. the L.O.M. of 36, 55 and 350 =(3x3x2x2xllx5)x5x7. 

= 69300, Ansioer, 

(5.) A more usual method is as follows : — 

First : Strike out the 2, the 9, the 7, and the 25, as above. 

Second : Since two of the remaining numbers have a common measure, 
5, divide them by 5, thus- 5 | ;jj, y, 0, 36, gf, 55, 350. 

TTiircf ; Since two of the remaining 2 I 36 11 70 

numbers have a common measure, 2, i~5^ vT — or" 

divide them by 2, thus— ^°' ^^' ^^• 

Fourth : Multiply together the remaining numbers and the numbers by 
which we have divided, thus — * 

35x11x18x2x5 = 69300, ^n^trer. 

It will be seen that this last process is in effect the same as the one 
preceding it, for, 

A Common Measure of 36, 55, and350 wiU be 36x55x350, 

or, (3x3x2x2) x(llx5)x (7x5x5x2). 
The L.O.M. may soon be found by — 

1st. Reducing the 5, the prime factor of 55, to unity, because it is con- 
tained in the prime factors of 350. 

2nd. Reducing the 2, the prime factor of 350, to unity, because it is con- 
tained in the prime factors of 36. 

But this is the same thing in the end as dividing first by 5 and then by 
2, as in the last method. 
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^Casting out the Nines." 

35. We shall now insert that proof of the truth of an 
operation in Multiplication which is familiarly known as 
Casting out the Nines, 

The Reason of the Process is involved in the truth of the 
two following propositions, viz. — 

1. Any number divided by 9 leaves the same remainder as the sum of its 
digits divided hy 9, thus — 

463 -^ 9 leaves 4; also (4+6 + 3) -f^ 9 = 13 4- 9, leaves 4. 

The truth of the general statement of this proposition 
will appear from considering that 

Since 10 = 9+1 

Any multiple of 10 is an exact number of nines + 1. e.g, 

10 = 9+1 . • . 80 = an exact number of nines + 8. 

Also 100 = 99+1 .' . 700 = an exact number of nines + 7. 

lOOO = 999+1 .'. 6000 = an exact number of nines + 6. 

Therefore 6000+700+80 = an exact number of nines + 6+7+8. 

i,e, 6780 -t- 9 leaves the same remainder as (6+7+8) -r- 9. 

,\ By adding together the digits composing a number and dividing their 
sum hy 9 we find the same remxtinder that would he found hy dividing the 
number itself hy 9. 

N.B. — It is not necessary to add the nines in finding the sum of the 
digits of a number, because these being exactly divisible by 9 wiU not 
affect the number left as a remainder. 

2. If two numbers he each divided hy 9, tTie product of their remainders 
being divided hy 9 wUl leave a remainder similar to that which would he 
left if the product of the ttoo numbers were divided hy 9, thus — 

6271 -T- 9 leaves 7 ; and 1034 •+ 9 leaves 8. 
Then (7 x 8) -+ 9 leaves 2. 
And (6271x1034) -+ 9 leaves 2. 

The truth of the general statement of this proposition 
will appear from considering that 
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6271 X 1034 = (696 nixies + 7) x (114 nines + 8). 

= (696 nines x 114 nines) + (7 x 114 nines) + (696 nines x 8) + (7 x 8). 

= an exact number of nines + (7x8). 

s= an exact number of nines + 56. 

From which it follows that 

mv -J* jvj. .j'lt' The remainder found by first 

The remamder found hydtvid- j. .-,. .r. r. i_ » 

,, -1 . ^ XV X I J dividing these numbers each by 

tn^ the product of the two num- / = ( . , . , •,..,. .-. 

v fl«vyi ji IMA X ' I I ^"^®» ^^^ *^®^ dimdtng the pro- 

bers 6271 and 1034 by nme j x * xu • • j r • 

' i \ duct of their remamder by nme. 

By the help of these two propositions we arrive at the 
process generally used to prove the truth of an operation in 
Multiplication, which process may perhaps be best explained 
by an example, thus — 

Ex. 9643287x378427 = 3649280169549. 

To prove the truth of this result, proceed as follows : — 

1st. Add together all the digits of the multiplicand except the nines, 
thus — 

6+4+3+24 8+7 = 30. 
Divide the sum by 9, and set down the remainder, thus — 

30 -+ 9=3 and 3 over : set down 3. 

2nd. Proceed similarly with the multiplier, thus — 
3+7+8+4+2+7 = 31. 

31 -7- 9 = 3 and 4 over : set down 4. 

3rd. Treat the product in the same way, thus — 

3+6+4+2+8+1+6+5+4 = 39. 

39 H- 9 = 4 and 3 over : set down 3. 
4th. Multiply the 3 which remained from the multiplicand by the 4 
which remained from the multiplier, and divide the product by 9, thus— 

(4x3)-+9 = 12-^9 = land3 over. 

Since now the 3 which here remains is the same as the number, 3, 
which remains from the product, the product is probably correct. 

N.B. — If, however, an error of nine or any multiple of nine has been 
made, it will not be detected by this method. 
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Example 9. 

X. Find tlie G.O.M. of the following numbers :-- 

87 and 145 ; 1878 and 3443 ; 55328 and 22755 ; 61037 and 5628 ; 3304, 
2065, and 5369 ; 56112, 72144, and 200400 ; 1484, 689, and 4723 ; 7845, 
44455, and 28765 ; 658, 752, 1222, 1410, and 2444 ; 19497, 13065, 21507, 
7839, 12462, 50451, and 163614. 

3. Find the L.O.M. of the following nnmbers : — 

4andl7; 5and6; 81and4; 14,13,and5; 61,17,and3; 8andl04; 
91, 16, and 28 ; 56, ^1, 104, and 39 ; 72, 64, 1108, 28, and 63 ; 105, 403, 
248, 221, 119, and 12648. 

3.* Find the L.C.M. of 12, 16, 20, and 30 ; of 357, 24, and 29 ; of 891, 
972, and 924. 

4. What mnltiple of 5 results from multiplying 314725 by 9 ? 

5. What number is the same multiple of 5 that 148995 is of 9 ? 

6. Of all the numbers, besides Unity, which may be subtracted from 
7905 an exact number of times, which is that which may be taken the 
ffreaUstf and which the least number of times ? 

7. What is the least number from which 34, 510, 91, and 16 may each 
be taken an exact number of times? 

8. What is the least number by which 17595 must be multiplied, that 
36 may be taken from the product an exact number of times ? 

9. A school was found to contain such a number of boys that whether 
arranged in sixes, sevens, nines, or elevens, there were always five over. 
How many children, at leatt, did that school contain ? 

* The following exercises are to be found in the (Government Examina- 
tions for Certificates for Hale Students of the First Tear. 



CHAPTER III. 
Weights and Measures. 

36. All the preceding articles have had reference tc) 
operations with Abstract Numbers. We shall now proceed 
to the consideration of Concrete Numbers, and first of all 
we shall inquire into the principles upon which the different 
systems by which quantities are measured with regard to 
theii* Weight, Extent, Cubical Capacity, or Value, have been 
founded — ue,, we shall investigate the meaning and use of 

the TABLES OF WEIGHTS AND MEASURES. 

A moment's consideration is sufficient to show that every perfect sys* 
tern of Weights and Measures must provide measures for estimating 
(1) SPACE, (2) WEIOHT, (3) MONET, and (4) TIME, and that it is essential for 
the convenience of merchants that these measures should be of one uniform 
standard, at least in each country, and if possible throughout the world. 
But in England and in France, as weU as other countries, so many different 
values were formerly attached to measures bearing the same name, but 
used in different parts of these respective countries, that laws have been 
passed by their respective Governments for remedying the evU by estab- 
lishing certain specified weights and measures as the only lawful ones. 

In England a system was established by Act of Parliament in 1824, and 
came into operation on January 1st, 1826, and the System of Weights and 
Measures thereby rendered authoritative is known as the *^ Im^perial 
WeigTUs and Mecuures" 

In France the new system was established by law in 1801, and is caUed 
the ** Metric System of Weights and Measures,** 
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We shall now proceed to describe these systems in detail, the English 
because it is the system established by law in this country, and the 
Metric because of its completeness and simplicity, and also because 
attempts have been made and are stUl being made to supersede our pre- 
sent English system by the Metric or some other similar system. 

I. The English System of Weights and Measnres. 

Def. 1. A Measure is the instrument by which we estimate the extent, 
the weight, or the value of anything. 

Def. 2. To mecuure is to find how many times any one quantity con- 
tains another quantity which is fixed and invariable, and which is known 
as the Unit of Measure. 

The Act of 1824 settled that in measuring — 

I. Space :-^ 

a. The Unit of length should be the Imperial Yard, 

This was a yard measure made by order of Parliament in 1760, and the 
exact dimensions of which might at any time be recovered (if injured or 
lost], by finding the length of a pendulum which oscillates seconds in 
vacuo at the level of the sea in the latitude of London. The length of 
such a pendulum is 39*13929 inches, and 36 of these inches make the Im« 
perial Yard. 

b. The Unit of surface would consequently be a square 
having a yard for its side, such a square being called a 
Square Yard. 

Def. A number sqtuxred is the product found by multiplying that 
number by itself once, thus— /our aquared (which is written thus — 
4») =4x4 = 16. 

By consulting the Table on page 54 it wiU be seen that the Imperial 
Yard contains 3 feety and each foot contains 12 inches. Now let AB 
represent a yard divided into feet ; then the square ABCD will represent 
a square yard. Let BC also be divided into three equal parts, Bg, gh, 
bC, and through the points e, f, g, h, draw straight lines paraUel to the 
side of the square :— 
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_ V ; C 



IB tmaH >qauvB, euili of 



Then tha whale Ognre ABCD ii divided into 
which repreKntfl a tqjtart foot ; eo that evideD 

1 iqaare yard = 9 iquarefat (i.<., thra iqaared aquRre feety. 
If the lidei of the interior fignre p, q, r, i, be divided each into twelve 
eqDBl paiii, each of theie pmrts -will represent an inch, and each of the 
■laell eqnarei formed b; jaining the apposite pointa will repieient a 
tqaart inA, &nd the figure p, q, r, b, will be divided into 144 sach tquart 
india; or, in other words— 

1 tqaart foot — 144 tquare incha {i.e., tvidvt tqnared K^aaxa inehei]. 
In the leme way we find the relative values of all the termi of Square 
or Snpsrfieial Measure. (See Table 3, page 55. ) 

(c.) The Unii of Solidily would therefore be a cul>e Iiaving 
a square yard for eacli of Us ffices, Euch a cube being called 

a CVBIG YARD. 

Def. A number eabtd a the product found hj mnltipljing that numbei 
bj itself twice, thue: foureubtd = 4x4x 4 wMcbi* written thai 1*. 
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Let the fue ABCD of tlu edte DB rspieMnt a t^tart yard, m before, 
divided into 9 tquanfea. Then it U erident thftt if BE klio repremit % 
yard, tbe line Bf irill repment • foot, ud the cabe of wMch hf is the 
diagonkl irill repnient a cubit foot. It ii alio de&r that the anhe DE 
vill oontain 3x3x3 raoh cubei m hf, Ce. — 

a evbie yard = 27 ctAie ftet (it., three cuhtd cubic feet). 



/ 


/ A A 


/ / A A 


/ / A\ A\ 




V. / 




/ 

/ 

/ ; 


D 


c/ 



In this ymj va find the relitiTe valnei of iJl the temii of CaUe He^ 
Bure. (See Table 4, page 6S.) 
The raaaon of the following compariiotii irill now b« appuent 
L /n Long Mtamre I 7Brd ^ 3 feet, but 

In Sgvart Hfeatttn 1 ynd = 3* feet = 9 feet, ud 

In Cubic aleatuTt 1 yard = 3' feet = 27 feet. 
n. In Long Mtamirt 1 foot = 12 inobei, bnt 

In Square Meatare I foot = 12' inchei = 144 inehei, and 

i» Gitiie Xeatun 1 foot = 12' inohei = 1728 inohei. 
H.B.—InSqnaTeUsaiiirethe7aTdsaTegeneTalI; called "Squareyardt^ 
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•nd the feet are iexmed "Square feei.^ Also in Oubic Measure the yardi 
and feet are called *' Cubic ^ardi" and '* Cubic feet" reapectirelj. 

(d.) The Unit of CapacUy should be the imperial gallon. 

This was selected as being very nearly the same as the gallon then in 
use. It is the space occupied bj 10 lb. Av. of distilled water, weighed in 
air, at a temperatnre of 62* F., and with the barometer standing at 90 
inches. It was also defined as containing 277*274 cubic inches. 

2. Weight. — The Unit of Weight should be the IMPERIAL 

POUND TROY. 

This was half the weight of a double-pound Troy, also made in 1760. 
The weight of this pound was 6760 grains, while a pound Aroirdupois 
contained 7000 such grains. 

The value of this Unit can at anytime be recovered by finding the 
weight of a cubic inch of distilled water weighed at the temperature of 
62° F., the barometer at the same time standing at 30 inches. The weight 
of this water being 252*468 grains, that of the Imperial Pound Troy may 
easily be obtained therefrom. 

In measuring Time and Money we do not depend upon the above-named 
Act altogether, although we must refer to it to define ounces dse», in the 
latter case. 

3. Time. — The standard Unit of Time is a mean solar 
DAT, Tvhich is the mean, or average, of all the aj^rmt solar 
days in the year. 

An apparent eolar dap is the interval between two successive transits 
of the sun over the meridian of any place. 

N.B. — The Common or Civil Tear contains 366 of these days, but the 
Solar Tear, which is the interval between the sun's departure from and 
return to a certain fixed point in the Ecliptic, has been accurately deter- 
mined by astronomers to contain 366*242218 mean solar days, i.e, 366 
days 6 hours 48 min. 47} sees, nearly. From this it f oUows that the 
Civil Year is nearly 6 hours shorter than the Solar Year, and, if some 
precautions were not taken to remedy this error, we should be thrown 
into great confusion as regards the time of the return of the Seasons j^ 
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December would sometimes be the time of frost and snow and sometimes 
the time of greatest heat. 

In the time of Julius CcBsar the length of a Solar Year was supposed to 
be exactly 365*26 days,* t.e., exactly 365 days 6 hours; he therefore 
ordered that every fourth year should contain 366 days instead of 365. 
Such a year was called Leap Year or Biwextile Year, and the additional 
day— which was added to the February month, thereby making it to have 
29 instead of 28 days— was called the Intercalary dap> 

It is evident, however, that this correction is too great, for 

A Julian Year = 365*25 days. 

A Solar Year = 365-242218 days. 

. • . The Julian Year is too great by '007782 days. 

This error was soon discovered and steps were taken to remedy it. At 
the first Council of Nice, A.D. 325, the vernal equinox fell on March 21st. 
Now the second Council of Kice was held A.D. 1582, ie. 1257 years after- 
wards, and it was found that the vernal equinox that year happened on 
March 11th, i.e. ten days earlier than the Julian Calendar would have 
made it occur. This difference is explained by what we said above: 
thus — 

In one year by the JvXvam Cattndar the end of the year ia '007782 days 
behind, 

, Therefore, in 1257 years it becomes *007782 days x 1257, 9*781974 days 
behind^ i.e. nearly 10 days behind. 

It was in consequence of this that Pope Gregory ordered that ten days 
should be omitted in that year (A.D. 1582), by making October 15th fol- 
low October 4th, thus causing the vernal equinox to fall in the next year 
on March 21st ; and he also took steps to prevent the recurrence of this 
error by ordering that for the future in every circle of 400 years three of 
the leap years should contain only 365 days ; in other words, the addi- 
tional day should be omitted whenever the year completed a century, 
the number of hundreds of which was not exactly divisible by 4, thus — 
1600, 2000, &c., are leap years because 16 and 20 are each exactly divisible- 
by 4 ; but 1300, 1700, 1900 are not leap years, because 13, 17, 19 are not 
exactly divisible by 4. 

The calculation made by Julius CsBsar was called the Oid Style, and it 
still used in Russia. The Gregorian style is called the H'ew Style, which 
was of course almost immediately adopted by Roman Catholic countries, 

* This was called a Julian Year, 
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but waa not introduced into England before 1752, when the error 
amounted to eleren days. 

4. Money. — The Unit of Money is the pound, and the coin 
which represents this value is called a Sovereign. 

Thb Staitdabd Gold, from which the Soyereign and other gold coina 
of this realm are made, conmsts of 22 parts pure gold and 2 parts copper 
melted together. Coins are made and stamped, and thereby rendered 
legal money, at an office in London called the Mint, and at this office 1 tb 
Troy of Standard gold is coined into 46|^ sovereigns ; in other words, the 
Mint price per lb Troy of Standard gold is £461^, i.e. £46, 14s. 6d. There- 
fore, the Mint price of an oz. Troy of Standard gold is ^ of £46, 14s. 6d., 
i.e. £3, 17s. lOJd. 

Thb STAin)ABD SniYSB, from which the silver coins are made, is a com- 
pound of which 37 parts in every 40 are pure silver and 3 parts copper, A 
lb Troy of this silver is coined into 66 shillings, so that the Mint price 
per oz. of Standard silver is Ss. 6d. 

A lb Av. of COPPEB is coined into 24 pennies, but no more than twelve 
of these are a legal tender, nor is more than 40s. in the silver coinage a 
legal tender according to the present law. 

37. The following Tables should be committed to 
memory : — 

I. MONEY or VALUE. 

2 Farthings (fg.) = 1 Halfpenny. 

4 Farthings or 2 Halfpence =: 1 Penny {d.) 

12 Pence = 1 ShilUng (a.) 

2 ShiUings = 1 Florin {Jl.) 

20 ShiUings = 1 Pound (£. ) 

N.B. — L £, s, d, q, are abbreviated forms of the Latin words libra, 
tolidtit, denarius, quadrana, the names of certain Boman coins. 
N.B. — 2. Farthings are indicated as parts of a penny, thus — 
^d. (i.e. one-fourth) signifies a farthing, or one-fourth of a penny, 
^d. (Le. one-half) aigidfieBaJuUfpenny, or one-half of a penny. 
}d. (i.e. three-fourtha) signifies three farthings, or three-fourths of a 
penny. 

N.B. — 3. The following coins have been used in England in former 
times, and their values should be remembered :— 
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Silver f 


A Groat 


= 4 pence. 


CoinB. i 


A Tester 


= 6 pence. 


Ilieie two are still used under different names. 


/ A Noble 




= 6s. 8d. 




An Angel 




= 10s. Od. 




A Half-Gninea 




= 10s. 6d. 


Gold / AGninea 
Ooini. 1 AMarkorlfek 




= £1 UOd. 




= 13s. 4d. 




ACarolos 




= £1 3s. Od. 




A Jacobus 




= £1 6s. Od. 




i A Moidore 




= £1 7s. Od. 



n. SPACE or EXTENT. 
1. Lineal Measure. 



12Line« 


= 1 Inch. 


3 Barleycorns 


= 1 Inch (1 in.) 


3Inche« 


= 1 Palm. 


4 Inches 


rrlHand. 


9 Inches 


= 1 Span. 


18 Inches 


= 1 Cubit. 


12 Inches 


= lFoot(l/e.) 


5 Feet 


= lPace. 


6 Feet 


= 1 Fathom. 


3 Feet 


= 1 Yard (1 yd.) 


22 Yards 


= 1 Chain (used in measuring Land). 


5i Yards 


= 1 Eod, Pole, or Perch {Ip.) 


40 Poles (220 yards) 


= 1 Furlong (Ifur.) 


8 Furlongs (1760 yards) 


= lMile(lm.) 


3 Miles 


= 1 League (1 lea,) 


60| Miles, or 

60 Geographical Miles 


} = 1 Degree (l<fe^.) 


=• . 1 mile 29a 


i yards 6 inches = 1 Knot. 


2. 


Clotli Measure. 


2i Inches = 1 KaiL 


4 NaiU 


= 1 Quarter (1 qr.) 


4 Quarters = 1 Yard (1 yd,) 


5 Quarters = 1 English Ell. 


3 Quarters = 1 Flemish £11. 
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3. Sauare or Snperflcial Measure. 



144 Square Inches [sq. in.) 

9 Square Feet 
30^ Square Yards 
40 Poles 

4 Roods (4840 sq. yds.) 



= 1 Square Foot (1 sq. ft.) 

— 1 Square Yard (1 sq. yd.) 

— 1 Square Pole (1 sq. p.) 

= 1 Rood (1 r.) = 25000 Sq. Links. 
= 1 Acre (1 a.) = 10 Sq. Chains. 



4. Cnbic Measure. 



1728 Cubic Inches {cub. m.) 
27 Cubic Feet 



= 1 Cubic Foot (1 cub. ft.) 
= 1 Cubic Yard (1 cvJb. yd,) 



5. Measure of Capacity. 



4 Gills or Noggins = 


: lPint(lp<.) 


2 Pints 




: 1 Quart (1 qt.) 


4 Quarts, or 
2 Pottles 


} = 


:1 Gallon (l^ro/.) 


2 Gallons 




:lPeck(li)A;.) 


4 Pecks 




1 Bushel (1 bash.) 


8 Bushels 




• 1 Quarter (1 qr.) 


5 Quarters 




■■ 1 Load. 


In Coal ( 
Measure. 1 


3 Bushels 


= lSack. 


12 Sacks 


= 1 Chaldron. 


In Ale and ( 
ser Measure, i 


36 Gallons 


= 1 Barrel (1 bar.) 


54 GiiUons 


= 1 Hogshead (1 hhd.) 


Tn "WinA i 


63 Gallons 


= 1 Hogshead. 


Measure. V 


2 Hogsheads 


= 1 Pipe. 




2 Pipes 


= ITun. 



m. WEIGHT. 
1. Table of Troy Weight. 



24 Grains (grs.) 
20 Pennyweights 
12 Ounces 



= 1 Pennyweight (1 dtot.) 
= 1 Ounce (1 oz.) 
= 1 Pound (1 lb.) 
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2. Table of Avoirdupois Weight 

16 Drams {drs.) = 1 Ounce (1 oz,) 

16 Ounces = 1 Pound {lib.) 

28 Pounds = 1 Quarter (1 qr.) 

4 Quarters (112 lb,) = 1 Hundredweight (1 cwt,) 

20 Hundredweights = 1 Ton. 

N.B. — 1. A Stone generally means 14 lb., but in buying butcher's meat 
or fish, a stone is 8 lb. 
N.B — 2. A lb. Troy = 6760 Grains, but a lb. Ay. = 7000 Grains. 

IV. TIME. 

60 Seconds (written thus, 60") = 1 Blinute (1'). 
60 Minutes (written thus, 60) = 1 Hour. 

24 Hours = 1 Day. 

7 Days = 1 Week. 

4 Weeks = 1 Lunar Month. 

13 Lunar Months, or \ 

12 Calendar Months, or ( ~ ^ Year. 

365 Days ) 
100 Years = 1 Century. 

N.B. — The twelve Calendar months into which the year is divided do 
not all contain the same number of days, but the number in each may 
easily be remembered by means of the following lines : — 

Thirty days hath September, 

April, June, and November ; 

February has twenty-eight alone. 

While all the rest have thirty-one ; 

But leap-year coming once in four, 

Februar}' then has one day more.' 

38. II. The French, or Metric System of Weights and 

Measures.* 

In establishing a new system of Weights and Measures, it was the 
design of the French Government to base the Unit of Lineal Measure 

* The student is advised to leave the consideration of the Metric Syn- 
tem till he has made himself acquainted with Decimals (see page 116). 

For a fuller description of this System the student is referred to 
Philips' ** Diagrams and Synoptical Tables of the Metric System of Weights 
and Measures, with Hand-Book,** by W. Eickard, LL. D. ; published by 
G. Philip & Son. London and Liverpool. 
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upon lome principle of nature so that it might be perfectly invariable ; 
and, having once determined this Unit, upon it to found a system which 
should be marked by great simplicity in its arrangement, and admit of 
very easy computations. 

The Unit of Jineal Measure finally adopted was the ten-millionth part 
of the quarter of the terrestrial meridian. This Unit is called a Metre, 
and is equal to about 39 '3708 English inches. 

89. In describing this system it will be necessary to explain — 1st, The 
manner of forming the Tables ; and, 2nd, The connection between the dif- 
ferent Units in this system. 

(1.) The manner of forming the Tables. 

(a.) In every Table the name of the Unit is the principal . 
name used to signify the different quantities, prefixes being 
used to signify Multiples and Submultiples of the Unit. 

Thus, in Lineal Measure the name chiefly used is ^^Metre,^* which an 
inspection of the Table wiU show to appear in every name used in that 
Table. 

(b.) To signify Multiples of the Unit, certain Greek pre- 
fixes are used, viz. : — 

Deca, or Deka, which signifies 10. 
HectOf which signifies 100. 

Kilo, which signifies 1000. 

Myriaf which signifies 10000. 

(c.) To signify Sub-multiples of the Unit, certain Latiii 
prefixes are used, viz. : — 

Deci, which signifies ^ (one-tenth), 

Centif which signifies j^ [one one-hundredth), 

MiUif which signifies ^^ (one one-thoitsandth), 

(2.) The Connection between the different Units. 

(a.) The Unit of Lineal Measure is, as we have said, the 
METKE. 

(b.) The Unit of Superficial Measure is the AKE or Square 
Decametre — i.e., a Square having ten metres for its side. 
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N.B.— Meaiurements of Surfaoe are nofc always expressed in the Are 
and its Multiples or Sub-multiples, but are sometimes expressed in Square 
Metres. Hence the yalne of the following Table : — 

1 Square Metre = (10xlOt.e.) 100 Square Decimetres. 

= (100x100 t.e.) 10000 Square Centimetres. 

= (1000x1000 ».e.) 1000000 Square Millimetres. 

= (A^ A ^^O ihv ^^ ^ Square Dekametre. 

= iihr^ rir »•«•) Tchrv o^ * Square Hectometre. 

= (tAttXt^ »•«•) looiooo o^ a Square Kilometre. 

= (nAmr^ rrJinr *»^) 10000*00000 ©^ * Square Myriametre. 

(c.) The Unit of Cubic Measure^ or Measure of Solidity, is 
the STEKE, or Cubic Metre-^ie., a perfect cube having each 
of its faces a square metre. 

N.B. — Measurements of content being sometimes expressed in Cubio 
Metres, the following Tables will be found usefuL 

1 Cubio Metre = 1 Store. 

Decimetre = (A >< A >< A *• «•) nftnr Store. 
Centimetre = {^h ^xh^ rh *•«•) TD oiooo Store. 
Millimetre = (tsW ^ n ft >o ^ t^gv *•*•) loooti^ooooo Stere. 

(d.) The 'Unit of Capacity is the LITEE, or Cubic Deci- 
metre — i.e., the content of a perfect cube, having a square 
decimetre for its face. 

. (e.) The Unit of might 13 the GUAM otGUAMME. This 
is the weight of a CuMc Centimetre of distilled water, weighed 
in a vacuum at the temperature of its greatest density. 

(f ) The Unit of Value is the FEANC. This is a silver 
coin, the weight of which is 5 Grammes, and the diameter 
of which is 23 Millimetres : it is worth about 9|d. English 
money. 

40. In the following Tables the English equivalents are 
put side by side with the French or Metric quantities, not 
that they may be committed to memory, but simply for 
comparison and reference. 
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1. Lineal Measure. 

Eng. In. 
10ifta{inetrei(10Mmim.) = 1 Centimetre (1 Centim.) = '393708 

10 Centimetres (10 Centim.) = 1 Decimetre (1 Decim.) = 3*93708 

10i>ec»metres(10Deoim.) =lM£TBE(lm.) =39 3708 

10 Metres = 1 Dekametre (1 Dekam.) = 893*708 

10 Deiametres (10 Dekam.) = 1 Hectometre (1 Hectom.) = 3937*08 

10J7ectometre8lOHectom.)= 1 Kilometre (1 Kilom.) = 39370*8 

10 ZOometres (10 Kilom.) = 1 Myriametre (1 Jlfyrtani.)= 333708 

(8 Kilom. = approximately, 5 English miles.) 



2. Sauare Measure. 

10 Ceneuures (10 Centiar.) = 1 Deciare 

10 Deciares (10 Deciar.) = 1 ABE = 1 sq. dekametre 

10 Ares = 1 DekvcQ 

10 Ddboes (10 Dekar.) = lJ7ec^are 



Sq. Yds. 
11*96033 

119*6033 

1196*033 

11960*33 



3. Cubic Measure. 



10 Deetsteres (lO^Dedst.) 
10 Steres (10 St.) 



= 1 STERE (unit) 
= 1 Z>eA;astere 



Cubic Ft. 
= 85*317 

= 36317 



4. Measure of Capacity. 

10 CWOitres (10 Centil.) = 1 Decilitre = '1760773 pints : 
10 DeeOitres (10 Dedl.) = 1 LITRE = 1 '760773 pints 
10 Litres (10 lit.) = 1 Deifeolitre^ 17 -60773 pints 

10 DdbaUtres (10 Dekal) = IHectoMixQ^ 176*0773 pints 

10 JTotolitre (10 Hectol.)= 1 KUoVAxb = 1760*773 pints 

5. Measure of Weight. 



10 ilfi/Zigrams (10 MilUg.) 
10 Centigrams (10 Centig.) 
10 Decigrams (10 Decig.) 
10 Grams (10 Or.) 
10 Ddbagrams (10 Dekag.) 
10 J7ectograms (10 Hectog.) 
10 £ifograms (10 Kilog.) 



1 Centigram 
1 Decigram 
1 GRAM (unit) 
1 Deitogram 
1 JETectogram 
1 JTiZogram 
1 if;yriagram 



10 cub. oentinu 

1 cub. decim. 

1 centistere 

: 1 decistere 

( 1 cub. metre, 
( or 1 stere 



Eng. Grains. 
: 0-164323 . 

: 1'643234 

: 16*432348 

: 164*32348 

: 1643*2348 

: 16432*348 

: 164323*48 



It is convenient to remember that — 
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1 Kilog. = 2'68 lb. troy = 2} lb. iroj nearly = 2^ lb. ayoir. nearly. 

1 Qninial = 100 Kilog. = 2 English cwts. nearly. 

1 Hillier, or Ton = 1000 Kilog. = 20 Engliah cwU. nearly. 

6. Mdasnre of Value. 

10 Oentimea (10 c.) = 1 Deoimes (1 d.) 

10 Dedmea (10 d.) =1 FBANC. 

The value of the following coins should be remembered : 

A Sou = 6 Centimes (6 c,) 

ADecime =2 Sous = 10 Centimes (10 c.) 

A Napoleon = 20 Francs (20 fr.) 

41. The Advantages of the Metric System may be thus 
stated : — 

1. All the operations known at present as Compound ArithmeHe would 
be reduced to operations in the Simple Bvles. 

2. Reduction would inyolre nothing more than shifting the decimal 
place to the right or left, as the case may be, and Practice would be 
entirely abolished. 

3. Proportion, Interestf Stocks, dfc,, would be rendered much more 
easy to woik. 

K.B. — The advantages of this system are so great and manifest that 
several pystems of Decimal Coinage have been based thereupon, and pro- 
posed to supersede our present English system, but up to the present 
time no one of them has been adopted, though it is not unlikely that a 
system of this kind may eventually be established by law for use in Great 
Britain. 



CHAPTER IF. 

ELEMENTARY BULES. 

I. Reduction. 

42. Bednction is the name given to the process by which 
a quantity expressed in one denomination is converted into 
another, thus — 

40d. = 3s. 4d. : Where we say that {ovtj pence has been 
reduced to shUUngs and pence, 

100s. = £5 : Where one hundred shillings have been re- 
duced to pounds. 

It must he carefully notioed that the ffohies of these quantities are not 
at aU altered bj the Beduction : the values remain the same, the namu 
only are changed. 

The term Reduce win be found to be of rery wide application, thus— 
when we wish to ask '* What numbers muUiplied together vnll give 77?" 
We express the question by saying ** Beduce 77 to Ue prime factors,** 

43. Eeduction is of two kinds, viz : — 

1. To terms of a lower denomination : e,g,f Beduce £5 to 
shillings, 

2, To terms of a higher denomination : e,g,, Beduce 106 
shillings to jpounds, 

1, To reduce a atumtity to a lower denomination. 
Ex. 1. Beduce £82 to pence. 

Since £1 = 20s., £82 wiU be equal to 82 times 208., t.e. (20s. x82). 
Also, since Is. = 12d., (20s. x 82) wiU be equal to (82x20) times 12 
pence = (82 x 20 x 12) pence = 19680 pence, Answer, 
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Ex. 2. Reduce £15, 175. 4^d, to farthings. 

Since £1 = 208., £15 will be equal to 16 times 20b., i,e, (15x20)8. 

.•. £16, 178. = (15x20)8. + 178. 
And, eince l8. = 12d., •{ (15x20)8. +178. )■ will be equitltd 
-I (15x20) +17 J- times 12 pence = [-{ (16x20)+17 }■ xl2] pence. 

.'. £15, 178. 4d. = U (16x20)+17 }- xl2d.]+4d. ; i.e. 
the number of pence in £16, 178. 4d. =[•( (15x20) +17 }- xl2]+4. 

Also, since Id. = 4 farthings, [ ■{ (15 x 20) + 17 }- x 121+4 pence will be 

equal to [-{ (15x20)+17 }■ xl2]+4 times 4 farthings; ie. the number of 

farthings contained in £15, 178. 4d. = U (15x20)+17 )- xl2]+4x4. 

. •. £15, 178. 4jd. = ii (16x20) +17 j^ xl2]+4x4+2 farthings, 

= 16284 farthings. Answer, 

The preceding examples enable us to lay down the fol- 
lowing role for reducing quantities to a lower denomination. 

RULE.— Multiply tbe term In tbe hlgbest denoxnlnatlon by tbe num- 
ber which expresses how many times tbe nnit of this denomination • 
contains the nnit of the next lower denomination, and add to the 
product such units of the lower denomination as may be included in 
the given sum. 

Repeat this operation tUl the given quantity is expressed in the 
required denomination. 

Ex. 2. {By Rule,) Reduce X15, 17^. i\d, to farthings. 

£15 178. 4 Jd. let. Multiply 15 by 20, and add 

SOO+17 - 317a. ^'^ ^ *^® product. 

jjw+if - ^J^"- 2nd. Multiply 317 by 12, and 

3804+4 = 3808d. *^^ * *° *^® product. 

4 3rd. Multiply 3808 by 4, and 

15232 + 2 = 108M f . add 2 to the product. 

The more compendious form of stating this would be— 

£15 178. 4id. 
20 
317g. In this case the 178. is first added as the multl- 

12 plication proceeds ; afterwards the 4d. and the 2 

3808d. farthings are added as the reduetion proceeds. 



1 5234 Ammtr, 16234 farthings. 



REDUCTION. 63 

2. To reduce a anaatity to a higher denomination. 

1. Reduce 420 shillings to pounds. 



' Since 208. = £1, 420s. wiU be equal to ^ of £420, t.e. £420-20 

i.e. £21, Antwer, 

Ex. 2. Reduce 16234: farthings to X. s. d. 

Since 4 farthings = Id, 15234 farihings will be equal to } of 15234 
pence, i,e. 15234 pence -i- 4, t.e. 3808 pence 2 farthings. 

And, since 12 pence = Is., 3808 pence wHl be equal to ^ of 3808 
shillings, i.e, 3808 shillings -t- 12, i,e. 317 shillings, 4 pence. 

.*. 3808 pence 2 farthings = 317 shillings, 4 pence, 2 farthings. 

Also, since 20 shillings = £1, 317 shillings will be equal to ^ of £317» 
i,e. £317 -T- 20, i.e. £15, 17 shillings. 

.*. 317 shillings, 4 pence, 2 farthings, = £16, 17b. ijd., Answer, 

The preceding examples enable us to lay down the follow- 
ing rule for reducing quantities to a higher denomination. 

BULB.— niTlde tlie griTen quantity by the number wbiCli expresses 
bow many units of tlie glTen denomination make a unit of the next 
higher denomination. 

Repeat this operation tiU the given quantity is expressed In the 
required denomination. 

In each case the remainders (if any) wUl be of the same denomina- 
tion as the dividend ITom whiCh they arise, and wlU he so considered 
in the answer. 

Ex. 2. {By Rule,) Reduce 16234 farthings to £, s. d. 

1st. Divide by 4 ; the remainder, 2, is 2 f ar- 
4 1 1623£f. things, or Jd. 

12 I 3808d. 2f . 2nd. Divide by 12; the remainder, 4, is 4 

2,0 I 31,7s. 4d. pence, or 4d. 

£15 178. 3rd. Divide by 20; the remainder, 17, is 17 

shillings, or 17s. 

Anstoer, £16, 17s. 4jd. 

ff 

44. The following solution of Example in Reduction 
should be carefully noticed. 
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1. Reduce 17 tons 16 cwk, 1 qr, 19 lb, to oz. 

tons. owts. qn. lb. 
17 16 1 19 
JO 

340+16=356 cwt. 
4 

1424+1 qr. =1425 qn. 
28 

11400 
2850 



39900+19 lb. = 39919 lb. 
16 

239514 
39919 

Answer, '638704 oi. 



Or, by the more compendiooB form :-- 



17 ions 16 cwt. 1 qr. 19 lb. 
20 

356 cwt. 
4 

1425 qnb 
28 

11419 
2850 



39919 lb. 
16 

239514 
39919 

638704 oz., Answer. 

2. Seduce 27 fur. 3 yds. to inches. 

27 far. poles 3 yds. 
40 



1080 poles 
__6i 

5400=5 times 1080 
_640= ^of 1080 

yds. 5940=5i times 1080 
3 

feet 17820 
12 



inches 213840, Answer. 
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3. Reduce 14 acres 2 roods 17 poles to sgmreJeeL 

14 acres 2 roods 17 poleg 
4 

66+2 = 58 roods 
40 

2320+17 = 2337 poles 
30J 

70110 = 30 times 2337 
584| = ^ of 2337 

•*. sq. yds. 70694^ = 30^ times2337 
9 

sq. ft. 6862181, Antwer, 

Ex. 4. Beduee 3192783 sq. feet to acres, roods, £c. £c 

9 I 3192783 sq. feet 

354753 sq. yds. 6 sq. feet 

We want now to reduce 354753 sq. yds. to acres, roods, &o. The first 
thing to be done is to diyide 354753 by 30|, to bring the quantity to 
perches. 

301) 354753 

Now, if the dividend and the divisor he hoth 121)1419012(11727 

multiplied hp the same term, the quotient uriU 121 

not he Iherdfy affected (§ 59), therefore we 209 

multiply 30} by 4, thus making 121, and 121 

354753 by 4, thus making 1419012, and di- 880 

Tiding 1419012 by 121 the quotient is 11727, siL 

i.e. 11727 perches, and 45 quarters of a sq. 242 

yard remains, i.e. 11} sq. yards remain. ~^92 

847 



45 



It now remains to reduce 11727 perches to roods, &o. 



4,0 IJ172J perches 
4 I 293 roods 7 perches 

73 acres 1 rood 7 perches 

Therefore, the whole 

Answer ie 78 acres 1 rood 7 perehet 11} §q, yds, 6 tq. /a. 

£ 
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Tbe whole operation may be compendiously performed, thiuh— 

9 13192783 sq. feet 

354753 sq. yds. 6 sq, feet 

(ll |"lii9^ 

4,0 111727-4 ) quarters of a sq. yd. =11J sq. yds. 

4 I 293 roods 7 poles 

73 acres 1 rood 7 poles 11} sq. yds. 6 sq. feet 

= 73 acres 1 rood 7 poles 11 s<|. yds. +2 sq. ft. +36 sq. incIies+6 sq. 

feet. 
= 73 acres 1 rood 7 poles ^ sq, yd§. 8 sq, feet 86 sq. inches. Answer, 

5, Beduce 1782593 iTiches to mUs^ furlongs, dc 

12 1 1782593 inches 

3 1 148549 feet 6 Inches 

5^ I 49516 yds. 1 ft. 5 inch^ 
2 

11 I 99032 



4,0 I 900,2 perches ( ^ yds. %.e.) 5 yds. 1 ft. 5 in. 



8 I 225 fur. 2 perches 5 yds. 1 ft. 5 in. 

28 miles Ifur, 2 perches 6 yds, 1ft, ^ in,. Answer, 

6. How many threepenny jpieces are porth as much as 
20649 fov/rpenny pieces ? 

20649 f onrpenny piec^ 
4 ' ■ 



3 I 82596 pence 

27032 threepenny pieces, Answer, 

7. How ma/ny half-fuineas are worth as much as 4938255 
crowns f 

4938255 crownf 



24691275 shillings 1 half-guinea=108. 6d.=:21 six- 

2 ' pences, 

2- ( 7 I 49382550 sixpence? . .. Divide 49382650 by 21. 
13 1 7054650 



2351500 half-guineas, Answer, 
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Ez. 8. Reduce 43 deffreea f miles 3 fur. io poks, and prove 
the result. 

43 degrees 7 miles 3 fur. 

387" 
258 

2988^7=2995} miles=:2995 miles 4 for. 

8 

23960+4+3=23967 fur, 
40 

968680 jpo^, Answer, 
PROOF. 

1 degree=69i miles=69 miles 4 fpr. =22^40 pples 

562+4=666 fur. 
40 

22240 poles 

.*. The number of degrees in 968680 poles = 

968680—22240=43 degrees 2360 poles=48 deffreea 7 miles 3 fur. 



9. How many pounds Ap, are equal to 2275 pounds 
Troy? Prove the Answer. 

2276 lb. Troy=(2275x5760) grains =13104000 grains. 

1 lb. Avoirdupois=7000 grains. 

.-. 2276 lb. Troy=(13104000+-7000) lb. Av.=1872 ». Av., Ansvfer. 

PROOF. 

1872 lb. Ay. =(1872 x 7000) grains = 13104000 grains. 

1 lb. Troy=6760 grains. 

• •. 1872 lb. AT.=(13104000-r6760) lb. Troy =2276 lb. Tro». 

Exercise 10. 

Examples in Beduction. 

z. Reduce (proving eacb result), £91, 16s. 3Jd. to farthings ; 281 half- 
erowns to farthings ; 7013 half -guineas to sizpenoes ; £804, 19s. Od. to 
half -pence ; £13, 10s. 6d. to half -pence; 963 crowns to fourpenny pieces; 
£71, 18s. 3d. to threepences ; 18s. 8d. to f ourpences ; £19, 10b. 9d. to 
threepenny pieces ; 180565 guineas to half-crowns ; and 365 moidores to 
crowns. 
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2. Bedace (proving each result), 71834 pence to £. s. d. ; 9463 farthings 
to £. B. d. ; 712920 pence to half-crowns; 28395 fonrpences to half- 
crowns ; 18139264 threepences to fonrpences. 

3. Find the number of foprpenny pieces in £39, 17s. 8d., and the nnm- 
ber of half-crowns in £55, l7s. 6d. 

4. Find the value of 7| millions of farthings ; and the value of 1000 
fourpenny pieces ; and reduce 30724689 farthings to £. s. d. 

5. Taking a year as 365 days 6 hours, how many years are there in ten 
million minutes ? 

6. Find how many seconds there are in 365 days 5 hours 48 minutes 
48 seconds. 

7. Keduce (proving each result), 41 miles 6 fur. to poles ; 213 leagues 
6 fur. 5 in. to inches ; 200 miles 1 fur. 9 poles 2| yds. to feet and inches ; 
10 million inches to nules, fur., &c. ; 713 million feet to furlongs ; 41 
acres 3 roods 14 sq. inches to sq. inches ; 720 acres 100 sq. inches to 
sq. inches ; 8134926 sq. feet to acres, roods, &c. ; 20 million cubic inches 
to cubic yards ; and 16 billion inches to degrees. 

8. Beduce (proving each result), 83 lb. 10 oz. 3 dr. Av. to drs, ; 17 
tons 4 cwts. 2 qrs. 19 lb. 13 oz. to oz. Av. ; 823 cwts. 2 lb. 12 oz. 
to drs. Av. ; 9641827 oz. Av. to tons, cwts., &c. ; 249382 grains to lb. 
Troy, and also to lb. Av. ; 17 oz. 14 dwts. 12 grains to grains Troy ; 
1000 million oz. to tons, &c., Av. ; 685440 grains to stones Av. 

9. Beduce (proving each result), 2 bush. 3 pks. 2 quarts to pints; 
1 load to peckd ; 141 galls. 1 pint to pints ; 4000000 pints to hhds. ; 
1916382 pecks to qrs. ; 81927368 gills to galls., &c. ; 71 galls. 3 qts. to 
half -pints ; also, 31 yards 2 quarters 3 nails 2 inches to inches ; and 
2378 inches to terms of higher denominations. 

10. In the year 1872, how many days were there between January 5th 
and October 18th? 

zi. How many silver spoons, each weighing 2 oz. 16 dwts., could be 
made out of a silver tankard the weight of which is 50 oz. 8 dwts. ? 

12. A gentleman delivered 128 oz. 16 dwts. 16 grs. of silver to his 
goldsmith, and required hini to make it into tankards of 17 oz. 15 dwts. 
10 grs. each ; spoons of 21 oz. 11 dwts. 13 grs. per dozen ; salts of 
3 oz. 10 dwts. each ; and forks of 21 oz. 11 dwts. 13 grs. per dozen ; 
and for every tankard, to have one salt, a dozen of spoons, and a dozen of 
forks. Whatisthenumber of tankards he will get? 

13. In 1872 the Income Tax was f ourpence in the pound ; upon how 
many pounds of income must this tax be levied to raise the sum awarded 
by the Geneva Arbitrators as the liability of Great Britain to America, 
the award being £2500000. . 
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14. If the wheel of a railway carriage measures 3 yards 1 foot 7 inches, 
how many revolutions will it make in travelling nine miles and a half? 



II. Compound Addition. 

46. By Compound Addition we find the sum of several 
quantities of the same kind^ but containing different denomi- 
nations of that kind. 

RULE.— Haying arranged the quantities, so that In each case the 
terms of the same denomination form a yertical column, find the sum 
of the numhers In the right-hand column, reduce this sum to terms 
of its own and the next higher denomination, set down the units of 
the present denomination beneath its own yertical column, and cany 
the units of the higher denomination to the next column. 

Proceed in the same way with all the columns. 



1. Add together £7, 19s. 6Jd, £13, 65. 2^d.y £104, Os. 

lOfd, 195. O^d. 

Here we have 

{2+2+Z+2) farthing8=9 farthings =2^d. 

.'. set down | and carry 2. 
(6+2+10+2 carried) i3«nc6= 20 pence=ls. 8d. 

. *. set down 8, and carry 1. 
(19+6+19+1 carried) shiUings^iS shillings=£2, 5s. 

.*. set down 6, and carry 2. 
(7+13+104+2 carried) pound8= 126 pounds. Answer, £126 5 8^ 

«'. set down 126. 



£ 


B. 


d. 


7 19 


6i 


13 


6 


2d 


104 





lOj 




19 


Oi 



2. Find the mm of 7 tons 18 cwts. 3 grs. 27 lb, 11 oz, 
13 drs,, 9 cwts, 2 qrs, 15 lb, 8 oz, 9 drs., 3 tons 1 qr, 13 lb. 
12 oz, 4 drs,, 69 tons 12 ciots. 24 lb. 7 oz, 11 drs,, 11 cwts. 
2 grs. 6 lb. 13 oz, 1 dr. 



tons. cwts. qrs. Ih. oz. drs. 

7 18 3 27 11 13 

9 2 15 8 9 

3 1 13 12 4 

69 12 24 7 11 

11 2 6 1 3 1 

Antwer, 81 12 3 4 5 6 
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Exercise 11. 

Examples in Compound Addition. 



(I.) 

f. d. 
16 2 
13 10 

4 9 

5 6 



(2.) 

L cL 

19 3 

18 7 

16 4 

211 



(3.) 


(4.) , 


£ s. cL 


k B. i. 


,8 6 3 


4001 19 6 


21 19 6 


879 10 


7 18 4 


38016 18 3 


16 13 10 


48617 17 11 



(s.) 


1 


(6.) 


(7.) 


(8.) 


£ B. d. 


£ s. d: 


£ s. d: 


£ s. a. 


8 3 2i 


[ 


. 42 10 6^ 


50001 3 6^ 


172149 4 


16 17 9 




6018 19 8 


8916 17 


846 18 3} 
9 17 lOj 


4 16 7 


' 


. 79 17 3i 


. 6869 18 10} 


61 4 11: 


1 


20635 18 2} 


8173482 19 6 


S6849 10 8f 


8 9 6i^ 


8 13 11} 


88 10 4| 


6000 0^ 



(9) 


^ (xo.) . 


(11;) 


. (^^0 


tons owts.tirs. 
650 13 1 

82 19 3 

6080 7 2 

960 14 2 

38 3 


tons cwts. lb. 

7618 14 96 

a3 17 29 

24388 10 100 

9618 19 111 

74 2 4 


cwts. lb. oz. 

1614 90 13 

82 48 12 

50000 108 15 

683 97 14 

655 5 5 


tons cwts. qrs. lb. oz. drs^ 
4 3 10 3 
28 19 2 17 13 13 
10 16 2 0^ 14 15 

908 3 26 10 
48 19 3 27 15 16 



(13) 


(14.) 


, (IS.) 


(i6.) 


OZ. dwts.gr8. 


oz. dwts. grs. 


lb. oz. dwts. grs. 


lb. oz.dwts.grs 


83 13 21 


428 13 2 


3124 11 19 2 


15 10 18 15 


8 16 16 


1627 14 20 


8 19 


35 11 8 16 


306 17 19 


.9 6 19 


64 10 18 


17 8 14 20 


62 3 4 


782 14 6 


19 23 
614 1 7 


43 10 3 23 


108 23 


38 2 22 


1§ 3 12 10 


2 19 19 


e> 8 1 J 


8962 10 3 9. 


26 4 6- 9 



(17.) 




(i8.) 






(19^) 






yds. ft. 


in. 


ili]les.far. poles, yds. 


ft. 


in. 


lea. miles.fiir. yds. 


ft. 


in. 


600 2 


9 


13 17 2 





1 


1600 2 7 140 


1 


9 


81063 2 


11 


60 3 33 4 


1 


9 


80 1 3 186 


2 


6 


82 1 


10 


39 6 


2 


3 


6 219 


1 


10 


3 


11 


8 7 2 





11 


8247 3 





9 


613 2 


1 


6 19. 4 


1 


10 


85 1 7 200 


2 


11 


6 


3 


148 2 





9 


619 2 213 


2 


7 



aa Add together 30 ells 4 qrs. 2} naUs, 26 ells 2 qrs. 2| nails, 19 ells 3 
qrs. 3 nails, 26 ells 4 qn..!} nails, 28 ells 2 qrs. 3^ nails, and 19 ells 3 qm. 
Snaili. 
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SI. Add together 325 sq. yds. 6 ft. 170 in., 10900 sq. yds. 7 ft. 140 in., 8 
sq. yds. 3 ft. 139 in., 108 sq. ^ds. 5 ft. 2 in., 17649 sq. yds. 5 ft., 800 sq. 
yds. 101 in. 

22. Find the sum of 40 acres 2 roods 31 poles, 1^0 acres 3 roods 34 
poles, 210 acres 26 poles 19 yds. 101 in., 1000 acres 1 rood 6 ft. 10 in. 

23. Add together 17 c. yds. 26 ft. 1324 in., 1097 c yds. 3 ft. 1018 in., 
17 c. yds. 14 ft. 201 in., 14 c. yds. 1017 in., 16 0. yds. 26 ft. 1723 in., 81 
c. yds. 19 ft., 17 c. ft. 100 in. 

24. Add together 189 hhds. 61 gals. 2 qts., 75 hhds. 35 gals. 2 qts., 76 
hhds. 18 gals. 1 qt., 15 hhds. 60 gals. 2 qts., 215 hhds. 7 gals. 2 qts. 1 pt., 
45 hhds. 15^gals. 3 qts., 179 hhds. 49 gals. 3 qts., 60 hhds. 45 gals. 2 qts., 
815 hhds. 7 gals. 2 qts. 1 pt., 95 hhds. 16 gals. 3 qts., 26 hhds. 60 gals. 1 
qt. 1 pt., 39 hhds. 24 gals. 1 pt. 

25. Find the sum of 377 yrs. 30 wks. 4 days, 5 wks. 6 days 5 hrs. 23 
min. 39 sec, 22 days 2 hrs. 28 min. 69 sec, 5 mo. 1 wk. 1 day 14 hrs., 20 
days 21 hrs. 49 min. 48 sec, 32 yrs. 21 hrs. 3 min., 94 yrs. 6 days 11 hrs., 
714 yrs. 3 days 9 hrs. 

26. The floor of a room contains 17 sq. yds. 3 ft. 18 in. ; of another, 21 
sq. yds. 1 ft. 126 in. ; of a third, 33 sq. yds. 4 ft. ; and a fourth is half as 
large again as the sum of the other three. What is their united area ? 

27. The first of five trucks of coal contains 9 tons 16 cwts. 39 lb. ; in the 
second there is 17 cwts. 18 lb. more than in the first, while the third con- 
tains 2 tons 109 lb. more than the first ; in the fourth there is as much 
as in the second and third together, while the fifth contains 18 tons less 
than the sum of the other four. How much coal do the five trucks 
contain? 

III. Compound Subtraction. 

46. By Compound Subtraction we find the difference 

between two quantities of the same kind, but containing 

different denominations of that kind. 

RULE.— Having placed the less number below the greater, In sndi 
a manner tliat numbers In the same denomination may be in the 
same vertical column, subtract, if possible, the subtrahend in the 
right-hand column from the minuend, and set the remainder 
beneath the subtrahend. If, however, the subtrahend exceed the 
minuend, add to this last as many units as form one unit of the next 
higher denomination, from the sum take the subtrahend, and set 
down the remainder, carrying one to the next subtrahend. Repeat 
the process with the next vertical column. 
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Ex. 1. From £U8, I65. lOJA take £73, lU 2^^. 

i£i ■• -^•. The reason of the process in this example " 

73 11 21 ^ quite obvious from what we have said con- 

"75 5 ^, Answer, ceming Simple Subtrwtion. 

Ex. 2. From £14683, 75. 4f d take £98, 14s. lOJd 

£ g^ ^^ The various steps in the Rule may be some- 

14683 7 S what varied, thus : — 

98 14 10| (1.) One farthing from three farthings? . 

14684 12 6i, Antwer. Two ; put down Jd. 

(2.) Ten pence from four pence ? Borrow a shilling ; ten pence from a 
shilling? Two pence ; therefore, two pence and four pence = six pence ; 
put down 6 under the 10. 

(3.) One and fourteen = fifteen ; fifteen shillings from seven shillings? 
Borrow a pound ; fifteen shillings from a pound ? Five shillings ; five 
shillings and seven shillings = twelve shillings ; set down 12 under the 14. 

(4.) One and ninety-eight = ninety-nine ; ninety-nine from fourteen 
thousand six hundred and eight = (by Simple Subtraction) fourteen thou- 
sand five hundred and eighty-four ; set down 14S8i. 

.*. Answer = £14584, 128. C^d. 



3. Take 14 cwts, 3 qrs. 19 lb, from 7 tons 6 cwts. 14 
lb, ; and from 31 miles 2 fur. 1 ft. take 16 miles 21 j^oles 5 
yds. 2 ft. 



tons. cwts. qrs. 
7 6 
14 3 


lb. 
14 
19 


miles, fur. poles, yds. 
31 2 
16 21 6 


ft. 
1 
2 


Answer, 6 11 


23 


15 1 17 5 


2 



In the second sum we have to take 5-i-l, t.e. 6, yds. from yds., and by 
borrowing 1 pole we have to take 6 yds. from 6} yds., which we cannot 
do, so that in this case we must borrow 2 poles instead of 1 ; we then 
have to take 6 yds. fromi 11 yds. ; 5 will remain, therefore set down 5 and 
carry 2. 

N.B. — Examples in Subtraction may be proved by adding together the 
subtrahend and the difference, which ought, of course, to reproduce the 
minuend. 



) 
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Exercise 12. 
Examples in Compound Subtraction. 



, M 


(2.) 


(3.) 


(4.) 


£ 8. d. 


£ B. d. 


£ 8. d. 


£ 8. d. 


84 19 2 


748 3 


1018 14 2 


3010 4 


31 16 1 


9 10 6 


60 18 9 


809 19 6 



(5.) 


(6.) 


(7.) 


(8.) 


£ 8. d. 


£ 8. d. 


£ 8. d. 


£ 8. d. 


4081 2 n 


74431 1 2J 


400001 6 oi 
18 6| 


1206 


99 16 8 


869 13 0| 


48 Oi 



(9.) 


(lo.) 


(II.) 


ions. owts.qr8. lb. 


tons. cwt8. lb. ozs. 


qrs. lb. oz. dr8. 


9008 2 10 


6082 14 90 


28 3 3 


908 17 16 


789 19 110 6 


9 17 14 1 



(12.) 

lb. oz. dwt8.gr8. 
94 3 
28 10 13 21 



(13) 
qr. bush. pks. gals. 
179 4 2 
6 5 3 1 



(14.) 
days. hrs. min. sees. 
301 12 5 
8 7 6 19 



15. From 4080 lea. 2 miles 30 poles 2 inches take 71 lea. 2 miles 39 
poles 1 ft. 

i6. From 1900 lb. 1 oz. 14 dwts. 23 grs. take 708 lb. 10 oz. 19 dwts., 
and express the answer in dwts. 

17. By how much does 30 ells 4 qrs. 2J nls. of cloth exceed 26 ells 2 
qrs. 2^ nls. ? 

18. By how many cubic inches does 13 0. yds. 19 c. ft. 1001 c. in. 
Exceed 10 c. yds. 17 c. ft. 1019 c. in. ? 

19. How much must be taken away from the sum of 94 lb. 3 oz., 28 lb. 
10 oz. 13 dwts. 21 grs., and 1601 lb. 19 dwts. 17 grs., to make it equal to 
the sum of 14 lb. 16 dwts., 89 lb. 17 dwts. 19 grs., 3 lb. 10 oz. 20 grs., 
and 18 lb. 11 oz. 19 dwts. 13 grs. ? 

20. Take 179 qrs. 6 bush. 3 pks. from 326 qrs. 2 bush. 1 pk. 

21. Find the difference between 126 days 7 hrs. 15 min. 39 sees., and 
231 days 14 hrs. 2 min. 7 sees. 

22. Find the sum and difference of 121 gals. 2 qts. 1 pt., and 69 gals. 2 
qts., and to the sum of the two results add 84 gals. 1 pt. 

23. How many sq. feet must be added to 1 acre 2 roods 14 poles 6 sq. 
feet, to make it 2 acres 1 rood ? 
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24. The difference between the areas of two fields is 13 acres 29 sq. 
yds. ; the larger field being I6I acres 3 roods 17 po. 2 sq. yds. ; what is 
that of the smaller, and what is the combined area of the two ? 

25. A horse and carriage were sold by auction, when it was found that 
the horse,' which was sold for 142 guineas, fetched £98, 12s. 6d. Inore thaiii 
the carriage. What was the price of the two together? 

26. Find the difference between the sum of 31 tons 6 cwts. 110 lb., 48 
tons 19 cwt6. 76 lb. 8 oz., 3 cwts. 29 lb. 14 oz., 90 tons 101 lb. 13 oz., 
and the sum of 1601 tons 14 cwts. 87 lb., 346 tons 16 cwts. 10 lb. 8 oz., 
728 tons 19 cwts. 

27. There ftre six pieces of cloth ; the first two pieces each contain 15 
yds. 2 nails 1 inch leds than either of the last 2 pieces, which each con- 
tain 37 yds. 1 qr. 3 nails more than either of the remaining pieces, which 
each contain 68 yards 3 qrs. 2 nails. What is the amount of cloth in the 
six pieces? 

IV. Cbmpound Multiplication. 

47. By Compouod Multiplication we find what quantity 

is equal to the result obtained by repeating a Compound 

quantity (i.e., a quantity composed of denominations which, 

though differing among themselves, are all of the same kind), 

any given number of times. 

RULE.— Having placed tiie multiplier under the lowest denomina- 
tion of the multiplicand, multiply the term in this denomination t>7 
the multiplier, and having reduced the product as In Compound 
Addition, put down the units of this denomination which rema in , 
and carry the units ot the higher denomination to the next products 
Bepeat the process with each denomination. 



1, Midtiply £83, I65. Z\d. by 7. 

]^ere we have 
(1.) (2 farthings x 7) = 14 farthings = 3Jd. ; 
£ B. d. set down Jd. and carry 3. 

83 16 3i (2.) (3d. X 7) +3d. carried = 24d. = 2s. Od. ; 
•-- -~ set down and carry 2. 

-4fwtwr,£586 14 0^ ^3 ^ (i^s. x7)+2s. carried = 114s. = £5, 14s. 

set down 14 and carry 5. 
(4.) (£83 X 7) +£5 carried = £586 ; 
set down 686. 



COMPOUND MULTIPLICATION. 76 

2. Multiply XI 9, 10s. 3|A by 63. 

£ s. d. 
ISf. Ex. 1, § 31j pitge 33, and proceed as follows : 19 10 3] 

9^ 

d times the MaltipHcand= 175 12 9} 

7_ 

(7times9tiinto, t.6.)^^ii^^i^o^i^^^P^c^d= ^^^ 9 Si,Ant7oer» 

Ex. 3; Multiply £IQ3, Us. lO^d. by 2Sl. 

£ s. d. 
163 14 10} 

. , L 

7 times the Multiplicand = U46 4 3^ 

, . - . ' ■ --- ^ 

(7 times 4 times, «.e.) 28 times the MultipUcand = 4584 17 1 

1 time the MultipUcand = 163 14 10} 
.*: By Addition, 29 times the Multiplicand = 4748 21 ll},^n«toer. 

Ex; 4i JifW^^y £83, 165. 3^^^. by 6428; 

£ s. d. 
83 16 3i (A) 
10 

lO times the Multiplicand = 838 2 8^^ (B) 

10 

;M00 times the MultipHcand = 8381 7 1 (C) 

10 

;*. 1000 times the Multiplicand = 83813 10 10 

6 

•*. 6000 times the Multiplicand =502881 5 

And, 400 tinies the Multiplicand = 4 time's 

the Une (C) , = 33526 8 4 

20 times the Multiplicand = 2 times 

theHne(B) = 16t76 6 5 
8 times the Multiplicand = 8 times 
the line (A) = 670 10 2 

•'.By Addition 6428 times the Multiplicand = Answer, 538763 8 11 
N.B. — ^This sum might have heen done as below : — 

£83, 168. 3id. = 80461 farthings, , 

•*. 6428 times £83, lOs. 3H = 6428 times 80461 farthings, 

= 517203308 farthings, 
= £688753, 88. Ud., Anstoer, 
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Exercise 13. 
Examples in Compound Multiplication. 

z. Midtiply £16, 8s. 7d. by 3, 9, 4, 7, 6, 8, 10, 12, and 11. 

a. Multiply £201, ITs. 8id. by 3, 9, 5, 4, 7, 6, 8, 10, 11, and 12, 

3. Multiply £1608, 13s. lljd. by 42, 36, 81, 84, 63, 35, and 27. 

4. Multiply £9700, 18s. 3id. by 23, 41, 26, 34, and 107. 

5. Multiply £48419, Os. l^d. by 9427, 6284, 19729, and 341695. 

6. Multiply £317, 4s. 4id. by 605, 6240, 7900, 8401, 2004, and 11401. 

7. Multiply 14 tons 7 owts. 63 lb. by 8, 17, 42, 605, 19, and 191. 

8. Multiply 72 tons 14 cwts. 2 qrs. 19 lb. 7 oz. 4 drs. by 63, 147, 85, and 

640. 

9. Multiply 63 lb. 10 oz. 14 dwts. 10 grs. by 6, 9, 17, 83, 403, and 717. 
zo. Multiply 39 yds. 3 qrs. 2 nails by 4, 3, 7, 19, 63, 48, and 13. 

zi. Multiply 71 acres 2 roods 19 poles 13 sq. yds. by 65, 81, and 1107 

Z2. Mtdtiply 6 m. 3 f . 5 yds. 2 ft. 7 in. by 9, 17, 71, 306, and 133. 

Z3. Multiply 18 gals. 3 qts. 1 pt. by 16, 17, 19, 401, and 1500. 

Z4. Multiply 605 qrs. 4 bush. 2 pks. by 13, 18, 51,' and 96. 

z5. Multiply 31 weeks 6 days 11 hours 14 min. 19 sees, by 43, 91, and 168. 

z6. Multiply 4 tons 17 cwts. 2 qrs. 16 lb. by 103, reduce the product by 
as many lb. as there are complete cwts. therein, and having multi- 
plied the remainder by the number which expresses the complete 
tons yet remaining, reduce the result to ounces. 

V. Oompound Division. 

48, By Compound Division we find how many times one 
Compound quantity contains another Compound quantity 
of the same kind, or else what Compound quantity results 
from dividing a given Compound quantity into a given 
number of equal parts. 

In Compound Division, as in Simple Division, there are 
two processes, called, respectively, LONG division and short 
DIVISION ; but the working of both is essentially the same, 
beiQg simply adaptations of the Simple Eules, and being 
both included in the following Eule : — 
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RULE.— Arrange the divisor and dividend as In Simple Division ; 
tben— 

(1.) If the divisor be a Concrete quantity, reduce both It and the divi- 
dend to the lowest denomination which Is contained in either of 
fhem, and then divide as in Simple Division, hut— 

(2.) If the divisor be an Abstract numiber, find how many times the 
nnmher in the highest denomination of the dividend contains the 
divisor, set the result in the quotient, and reduce the remainder and 
the number In the next denomination lower, to units of this lower 
denomination, and perform the same process as with the last denomi- 
nation, and proceed similarly with the remaining terms of the divi- 
dend. 

The two cases for which this rule provides are the obvious result of the 
following axiom : — The divisor x tJie quotient = the dividend; from which 
it followB that, if any two of these be given, the other can be found ; 
thus — 

If £20 be multiplied by 8, the product will be £160 : 

Therefore, (1.) If £160 be divided by 8, the quotient will be £20. 

(2.) U £160 be divided by £20, or rather, if 160 be divided 

by 20, the quotient will be 8. 
(3.) If £20 be multiplied by 8, the product will be £160. 

In the first case, the quotient is found from the dividend and the 
divisor ; in the second case, the divisor is found (in the form of a quo- 
tient) from the dividend and the quotient (used as a divisor) ; in the last 
case, the dividend is found (in the form of a product) from the quotient 
and the divisor (used as a multiplicand and a multiplier respectively). 

Ex. 1. Divide £113, 65. 3d by 7, and prove the remit. 

Here, we have 
(1. ) £113 -T- .7 = £16 and £1 over ; set down 16. 
(2.) £1 and 6s. = 26s. ; .*. 26s. -i- 7 = 3s. and ^ , ^,^ »; ^. 

6s. over ; set down 3. 
(3.) 5s. and 3d. = 63d. ; .'. 63d. -r 7 = 9d. ; 

set dpwn 9. 

PROOF. 

(1.) By multiplying the quotient by the divi- 
sor, we obtain the original dividend; 
thus — 



7 I 113 6 3 

£16 8 9,An8iDer. 



£ 
16 


s. d. 
3 9 

7 


£113 


6 3 
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(2.) By using the original quotient as a divi- 
sor, we obtain the original divisor as a 
quotient; thus — 



£ 1. d. £ B. d. 

16 3 9)113 6 8 
J» _^ 

3238. 22668. 

12 12 



3885d. ) 27195d. ( 7 
27195 



2. Find how fmny times £8, 19^. 7f(2. is contained in 
£3709, 135. 8|i., and prove the result. 



£ s. 

8 19 
20 


d. £ 8. d. 
7} ) 3709 13 8} 
20 


1798. 
12 


741938. 
12 


2155d. 
4 

8623f. 


890324d. 
4 

) 3561299 ( 418 tlmefl» Antwer. 
34492 




11209 
8623 




25869 
25869 



PROOF. 

(1.) By multiplying the divisor by the quotient, we have 
^, 19s. 7id. X 413 = £3709, 13s. 8Jd., by Compound MultipUcation. 

£ 8. d. £ s. d. 
413 ) 3^09 13 8i ( 8 19 71 
3304 

'405 
_20 

8113 
J13 

3983 
3717 



(2.) By using the original quotient 
as a divisor, we obtain the original 
divisor as a quotient; thug — 



266 
12 

3200 
2891 

309 
4 

1239 
1239 
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Ex. 3. Divide £7669, 6s. 7^d. hy 63. 
l{f. Ex. 2, § 31, pag^ 33, and proceed as below :— • 

d. 

n 



£ 
P» (9 I 7669 
yr\ 7 I 852 2 11^ 



8. 

6 



£121 14 8j, Armoer. 

Exercise 14. 

Examples in Compound Division. 



z. £96, 18s. 4d. -r- 2. 

2. £1018, 178. 6d. -7- 2. 

3. £141, 16s. 9d. -h 3. 

4. £7146, 138. aid. -J- 3. 

5. £9011, 13s. 8d. 4- 4. 

6. £5093, 6s. 4|d. -^ ^. 

7. £6203, 17s. Id. -^ 5. 

8. £821, 148. 4}d. -^ 7. 

9. £2752, 178. 3id.-=-S(. 
zo. £4562, 16b. 8^d. ■¥ It 

11. £54754, Os. 3d.-f-12. 

12. £22022, 198. Od. -r- 8. 

13. £673, 9s. 7 Jd. H- 13. 

14. £4066, 9s. 4id. -r- 113. 

15. £14435, 12s. 1 Jd. ■^ la 

16. £3765, 16s. 9id.-4-131. 

17. £131637, Us. Old. -v- 65. 

18. £1635, 13s. 8 jd. -7- 41. 



19. £13941^, lis. Od. 4- 72. 

20. £5984, 18s. 2id. -7- 47. 

21. £5315295, 18s. 9id. -r- 121, 

22. £3625, 18s. lljd. -I- 49. 

23. £371824784, Os. lid. -i- 5826. 

24. £11771, 58. Od. -^ 144. 

25. £314919, 188. 3id. -7- 7403. 

26. £1096, 98. 2id. -^ 1234. 

27. £12280, 148. 7d. -r- 3650. 

28. £601012702, 7b. 8Jd. -f- 3005. 

29. £240$, 48.9^-^43. 

30. £29409?7220, 15s. 3|d. - 9803. 

31. £47, 168. Ifd. -T- 67. 

32. £89, Us. lOid. -f-470. 

33. £70, Os. 7id. -f- 81. 

34. £;9895, 16s. 8d. -r 60000. 

35. 3251 tons 14 cwts. -f- 72. 



36. 2302 cwts. 3 qrs. 15 lb. -r- 97. 

37. 1194 lb. 13 oz. 4 drs. -r- 47. 

38. 3119 lb. 5 oz. 15 dwts. 1^ grs. -^ 36. 

39. 3570 yds. 3 qrs. 2 nk. -^ 53. 

40. 4571 acres 1 r. 24 po. -r- 12. 

41. 577 gals. 2 qtq. -^ 10. 

42. 96 loads 1 qr. 2 bush. -^ 100. 

43. 3612 galB. -7- 96. 

44. 353862 fur. 31 poles 2 yds. 1 ft. -r- 2017. 

45. 38337 Eng. ells 3 qrs. 2 nls. 1 in. ~ 487. 

46. 373113 yds. qrs. nls. -7- 216. 

47. 82071 hhds. 55 gals. 3 qts. -4- 235. 

48. 126748 ac. 2 po. 29:i yds. -r- 367. 
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n. 49 UK*, containad in IS717 hn. 11 

min. ISsecB.T 
SI. How many times em SJd. be taken from £1, 13a. R^i.* 
53. How maDy eirti. of augar at £12, 13e. 2^d. per cwt. may be bought 

for £406, 2».8d.T 

53. How many timoa mual £2, flg. 6Jd. be pud to elear off a debt of 

£2318, lis. I 

54. How many pieeei of lead eacb weighiDg 25 lb. 6 oz. IS drs. e:;n ba 

made from one large piooe weighiDg 1194 lb. 13 oe. 12 dra. ! 

55. How many limes is 346 ac 1 rood 17 aq. po, 30 sq. yda. eontalnad in 

126748 ae. 2 p. 29^ aq. yds. 



VI. Mensuration of Sur&ces and Solids. 

49. We haTfl already explained (page 49} the manner 
in which the number of square inches in a square foot, arid 
the number of cubic inches in a cubic foot, &c., &c., have 
been respectively determined : we shall now proceed to the 
consideration of other questions of a similar character. 

Dtf. A Seetanglt ia a fonr-sided Sgan of which all the anglea are right 

Ex. 1. Eote many square inches are contained in a suT/aee 
which is 7 inches long, and 4 inches broad 1 



By constructing the diagram ABCD, 
we aee that such a eurface would contain 
7 X 4 sq. inches, i.e. 28 sq. inches, and the 
reason of the following rule is also appa- 
rent by help of this diagram and the 
remarks on page 49. 



A. 






B 


1 


2 


3 


4 


e 


7 


fi 


S 





10 


11 


13 


16 


16 


IT 


13 


17 


Te" 


19 


20 


24 


23 


22 


^ 


25 


26 


27 


23 


r~ 






~~C 
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BVLE. -^To And tbe arm of uiy resnlu rMtaSEnlar mif&ee, KtprMa 
Its length uid breadtb In oniti ol on» dencmiiuatlon of lengrth, and 
then miilttpl7 tbe units In the lenffUi I17 tbe nnlta lu the breadtli : 
the product win he the area expisBoed la mxreapmiiag nnlti of 



N.B.-Bi>iee tha AREA = Ou, LKNGTHxtha BREADTH, it foUowi 
that if Ba; two of these be given the third may lie foond, thui — 

(!.] The AREA ma? be found by mnltiplyii^ the Length bj the 

Breadth. 
(2.) Hie LENGTH may be found hj dividing the Arta by tlis 

Sreadth. 
(3.) The BKBADTH may be fannd hy dividing the Arta by the 

Ex. 2. Sow many cubic feet are contained in a block of slone 
whuA is a feel tone/, ifeet broad, and 3 feet high? 

In the eccompsnying dia- 
gram the axet. at the front face 
of the block la 6 X 3, i.e. 16 
■q. feet. If, now, the block dT 
were cut into four ilicea of 
equal thieknen, thcoogh the 
linei, abc, dtf, ghk, it is dear 
that each Blice might be out 
up into 15 little cubes, each 
being » cubic foot; and, there- 
fore, the four Blicea would si- 



n 16 cubic feet, bo that there are 60 oubio teet in 
the block. 

The reason of the foQowiiig rule Is now obrions — 

SQLB.— To find the oontent of M17 Ttfiniax rectuifriilax lolld, 
•xpresa Ita length, breadth, and height In teimi of the lame unit 
of length, and then find the continued product of the number of 
nnlta in each tornt: the rasnlt will b« the content of tbe folld ex- 
piMsed In terms of Ute ooneipondlng nnlt of enUe meamre. 

N.B.— Sinoe the Cubic Content - Leivth x Breadth x Height, itfol- 
lows that If any three of these be given tbe fourth may be fonnd, thus — 
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(1.) The CnUo Content may be found by mtdiiplying together tbe 
Lengthy Breadth, and Height, 

(2.) The LenfTth may be fotmd by dividing tbe Cvhic Content by 
the product of the Breadth and Height, 

(3.) The Breadth may be found by dividing the Cubic Content by 
the product of the Length and Height. 

(4.) The Height may be found by dividing the Cvbic Content by 
the product of the Length and Breadth, 



3. Find the area of a parallelagram the length of which 
is T feet and the ^perpendictUar height 5 feet. 

Def. A parallelogram is a four-sided figure of which the^ 
opposite sides are parallel 

7 Let ABCD be the parallelogram, and 
let CD represent 7 feet, and CF 5 feet : 
we want to know the area of ABCD. 
It is evident that by producing BA to 
E, and drawing DE i>erpendicular to CD, 
^ ^ we get a figure EAD, equal to BCF ; so 

that if we take BCF from the paraUelogram, and add EAD to the re- 
mainder, we shaU have the figure EDCF equal to the parallelogram 
ABCD. But the area of EDCF is 7 x 5, i.e, 35 square feet (as in Ex. 2), 
therefore the area of ABCD is also 35 sq. feet. 

Hence the reason of the following rule — 

RULE.— To find the arell of a parallOlograin, express its length and 
height in terms of the same unit, and multiply * the two results 
together : the product is the area expressed in terms of the corre- 
sponding unit of square measnre. (Bac. L 86.) 

Ex. 4. Find the area of a triangle which is 10 feet long and 
6 feet high. 

* The phraseology here has been retained for the sake of brevity. 
Strictly speaking we can neither multiply nor divide the length, breadth. 
&c., bv each other, but the operadons indicated are really performed 
upon the Abstract number of units in these quantities. 
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Ijbi the triangle be represented bj 
ABO, and its height by AD. Draw 
the line EAF parallel to BO, EB par- 
allel to AD, and FO also parallel to 
AD ; then the figure BEFO is a par- 
allelogram, and its area = BO x AD. 

».«. EADB + ADOF = BO x AD ; 

but ABD is eYidently equal to ^ of EADB, 

and AOD is equal to ^ of ADOF, 

.'. ABD + AOD = ^ of EADB + J of ADOF, 

= ^ of (EADB + ADOF) = ^ of EBOF = ^ of BO x AD. 

Henoe the reason of the following rule^- 

BULE.— The area of a triangle beinir one-half that of the parallelo- 
gram whi6h has the same hase and the same height; to find the area 
of a triangle reduce its base and height to units of the same denomi- 
nation of length, multiply the results together, and divide the pro- 
duct by 2 : the quotient will be the area of the triangle expressed in 
corresponding units of square measure. (Sue. L 41.) 

Thus, in the given example, the area of A30 is J of 10 times 6 sq. feet, 
i.e. i of 60 sq. feet, %,e. 30 square feet. 



50. Solution of Exercises in Mensuration. 

1. Find the content of a block of stone 17 ft. 9 in, long, 
lift, 3 in. broad, and 5 ft, 6 in, thick. 

The cubic content = (17 ffc. 9 in.) x (14 ft. 3 in.) x (5 ft. 6 in.) 

= 213 in. X 171 in. x 66 in. 
= 2403918 cub. in. = 1391 cab. ft. 270 cub. in., Ani, 



2, How many yards of carpet 30 in, wide will be re- 
quired for a room, 2% feet long by l%\feet wide? 

The area of the room = 28 feet x 18) feet. 

= 336 in. X 222 in. = 74592 sq. in. 

W^K want now to know how long a piece of carpet must be to cover this 
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area, rappOBing ilie carpet to be 30 inolies wide ; in other wordi, wehaTa 
the area given^Tiz., 74592 sq. inchea— and the width given— idz., 30 
inches — and from these we find the length, tot 

The length ="^^=^^^^^^^^ = 2486 inches + 12 inches over. 

207 ft. 2 in. =€9 yards 2 + iiuihM, Anwer. 

Ex. 3. If a room he 24 feet 6 inches in length, 18 feet 3 
inches in width, and 11 feet 9 in(Ae8 in height, how mtichjpaper 
27 inches wide would he required to cover its waUsf 

(L) There are two walls, each 24 feet 6 inches long, and two other 
walls, each 18 feet 3 inches long, the combined length of which will 
therefore be 

2(24ft. 6in.)+2(18ft.3in,)=:49ft. + 36ft.6in.=85a6in. 
(2.) The height is 11 ft. 9 in., 

.'. Thearea = (85a6in.)x(llft.9in.) = 1026in. xl41i 
= 144666 sq. in. 

(S,) As in Ex. 2, we have 

The length =-^J^= -^^^^.'^^- ^' = 5358 in. = 446 ft. 6 in. 
* width 27 m. 

i=14Bj^^n,BhLp Answer, 

Exercise 15. 
EzampIeB in Mensnratioii of SurflBMes and Solids. 

z. Find the area of a reotangnlar sorfaoe which is 81 ft. long and 17 ft. 
broad. 

a. How many square feet are contained in a room which is 93 ft. long 
and 75 ft. broad? 

3. What is the area of a square room, the side of which is 87 ft. ? 

4. What is the area of a rectangular playground which is 101 yds. 2 ft. 
long and 73 yds. broad? 

5. How many yards of carpet will be required to cover a room which is 
84 ft. long and 75 ft. wide^ if the carpet be 2 ft. 1 in. in width? 
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6. How many cubic inches of stone are contained in a block which is 
49 inches square at the end and 38 feet long? 

7. How many cubic feet of air are contained in a room which is 15 ft. 
high, 20 ft. broad, and 61 ft. long? 

8. Find the cubic content of 181 beams of timber, each of which is 23 
ft. 7 in. long, and the end of each of which is a square, containing 32 sq. 
ft. 101 sq. in. 

9. How many children can be accommodated with 8 sq. feet of space in 
a school, the principal room of which is 638 inches long and 239 inches 
wide, and possessing also two class-rooms, of which one is 239 inches by 
204 inches, and the other 204 inches by 221 inches ; and how many square 
inches will remain unutilised if only as many children are admitted as 
can be supplied with the given amount of surface? And how many chil- 
dren can be accommodated with 80 cubic feet in the principal room alone, 
supposing it to be 15 feet high, and how much space will remain unused? 

10. What is the length of a room which is 31 ft. 7 in. wide» and con- 
tains 2010 sq. ft. 116 sq. in. ? 

11. How deep was a trench which contained 119 c yds. 14 c ft. 672 
e. in., and was 9 ft. 7 in. wide? 

12. How much longer must a trench be made so that it may contain 
380 c. yds. 10 c ft. 1440 c. in., if it be 7 ft. 3 in. wide, 8 ft. 4 in. deep, 
andl36ft. 8in. long? 

13. What is the area of a parallelogram whose base is 4 ft. 7 in., and 
perpendicular height 2 ft. 9 in. 

14. What is the perpendicular height of a triangle which is 9 ft. 7 in. 
long, and the area of which is 72 sq. ft. 97 sq. in. ? 

15. How many books, each of which is 1 ft. 1 in. long, 8 in. broad, and 
1 in. thick, can be packed in a box which is 54 ft. 2 in. long, 12 ft. 8 in. 
wide, and 21 ft. 7 in. deep? 

16. What is the united area of the four walls of a room whicl\is 16 ft. 
3 in. in height, 14 ft. 7 in. in width, and 40 ft. 2 in. long, and how much 
paper 25 inches wide will be required to cover them? 

Exercise 16. 
lUDscellaneons Exercises in the Elementary Rules. 

61. The following Exercises have been mostly collected 
from Examination Papers set to Candidates for admission 
into Training Colleges, from Papers of Examination of 
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Students in Training Colleges^ and from Cambridge Exami- 
nation Papers. 

z. Multiply £25, 98. 71cL by 51, and divide the product by 42. 

a. Find the area of a floor which is 13 ft. 7 in. long, and 11 ft. 9 in. 
broad, and show by means of a diagram what surface is represented in 
each term of the answer. 

3. How many packets, each weighing 2 lb. 3 oz., can be made up out 
of a chest of tea weighing 3 cwts. 2 qrs. 9 lb. ? 

4. Find the nineteenth part of 12 cwts. 3 qrs. 14 lb. 13 oz., and multiply 
the result by 11. 

5. Find the value of 3728 articles at £1, 10s. 4id. each. 

6. Divide £16 among 18 persons. If the same sum were divided among 
24 persons, what would be the difference of the share given to each ? 

7. A rate of 2s. 9d. in the pound produces £352; what is the rental of 
the parish? 

8. A school manager paid £2, 14s. 3d. for the glazier's bill ; each pane of 
glass charged for cost 14id ; how many panes of glass were charged for, 
and what would have been the additional expense had the glass cost 15}d. 
each pane? 

9. Multiply £713, ISs. 9id. by 29. 

10. Twelve rupees, three florins, and six half-crowns amount to £2, 8b. 
What is the value of a rupee? 

11. What is the amount of income tax paid on an annuity of 500 guineas 
at7d.inthe£l? 

12. If a person's estate be worth £1384, 16s. a year, and the land be 
assessed at 2s. 9^d. in the £1, what is his clear annual income ? 

13. How many bricks, 9 inches long by 4 wide, will be required to pave 
a court 13 ft» 9 in. by 11 ft. 7 in. ? 

14. What would be the cost of 3 tons 17 cwts. 1 qr. 13 lb. of sugar at 
4}d. per lb. ? What would be the difference if the cost were 4^d. per lb. ? 

15. A grocer, by selling sugar at 5d. per lb. gained £5, 13s. 4d. upon the 
sale of 16 cwts. 2 qrs. 14 lb. What was the prime cost of the whole ? 

16. From one million guineas, subtract £499, 2s. lO^d., and divide the 
difference by 99. Explain the reason of each step of the process. 

17. A piece of land is required which can be divided into allotments of 
3 roods, 2 roods, 1 rood, 35 perches, and 25 perches ; there are to be 127 
allotments of each size. How many acres must the land contain? 

18. What cash must be given with 24 yards of cloth at 8s. 3id. per 
yard to pay for 6 owts. of sugar at 38s. per cwt. ? 
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19. A ooal tram consiste of 23 tracks. The average weight of a loaded 
track is 15 tons 11 owts. 1 qr., and of an empty truck 3 tons 15 owts. 3 qrs. 
What is the weight of the coal in the train? 

20. A yacht and its fittings cost £1005, 12s. ; the yacht cost 5 times as 
much as the fittings ; how much did the yacht cost ? 

21. A merchant spends £1636, 5s. on equal quantities of wheat at 
£2, 2s. per quarter, barley at £1, Is. per quarter, and oats at 14s. per 
quarter. What quantity of each will he have ? 

22. A house and its furniture are worth £6734, 5s. 9d., and the house 
is worth eight times as much as the furniture. What is the house worth ? 

23. A person's weekly income is £14, and he spends £128, 10s. per 
quarter. How much does he save in a year? 

24. How many half -guineas are there in 537 half-crowns ? 

25. How many hours are there in 10 years, of which the first is 1852? 

26. If a silver tankard weighing 100 oz. 16 dwts. is made into spoons 
weighing 2 oz. 16 dwts. each, how many spoons are there? 

27. A merchant buys 10 gallons of spirits at 12s., 15 at 4s. 6d., and 18 
at 5s. dd. What will be the price of a gallon of the mixture, so that he 
may gain £2, 5s. 6d. on his outlay ? 

28. Multiply 2 cwts. 3 qrs. 11 lb. by 365; explain each step of the 
process. 

29. Find the cost of 250 lb. of tea at 3s. ll^d. per lb. If 10 lb. be 
spoiled, what will be gained by selling the remainder at 4s. 6d. per lb. ? 

30. Find the cost of 20 dozen of wine at 4s. ll^d. per bottle. If 3 
bottles be spoiled, what will be gained by selling the remainder at 5s. 4d. 
per bottle ? 

31. Six dollars, four florins, and four half-crowns are together worth 
£2, 3s. What is the value of a dollar ? 

32. Four thalers, six half-crowns, and eight florins are together worth 
£2. What is the value of a thaler ? 

33. When will a number divide exactly by 8, 9, or 11, and when by 3, 
11, or 12? 

34. A sum of money amounting to £7816, free of legacy duty, was left 
by will to be divided equally amongst a certain number of legatees. The 
share proved to be £325, 13s. 4d. What was the number of legatees ? 

35. Find the difference in area between a room which is 12 ft. 6 in. by 
10 ft. 3 in., and one which is 15 ft. 8 in. by 11 ft. 4 in. 

36. Find the complete area of the walls of a room which is 15 ft. 6 in. 
byl3ft. 4in. bylOft. 6in. 

37. Multiply 17 miles 7 fur. 29 poles 3 yds. by 27 ; and divide 7 tons 
2 owts. 18 lb. 12 oz. by 45. 



88 ARITHMETIO. 

38. From 43 vks. 6 days 16 hrs. 11 min. 36 sees, subtract 32 vki. 
6 days 9 hrg. 11 min. 47 sees. ; and explain the reason for what is called 
" carrying one " in Subtraction. 

39. Find the value of 327 articles at £3, ISs. J^d, each, and explain 
each step of the process as you would to a class. 

40. How many strokes of his legs must a person on a bicycle give in 
going 26 miles, supposing each wheel to have a circumference of 3^ yards, 
and that 2 strokes turn the wheel once round? 

41. A fanner sells 20 sheep at £1, 12s. 6d. each, and 24 at £1, 9s. 2d. 
each. How many can he buy with the proceeds, at £1, 13s. 9d. each? 

42. If 8 cubic feet 1161 cubic inches of timber are required to floor a 
room 13 ft. 6 in. long, and 12 ft. 4 in. wide, what is the thickness of the 
boards? 

43. Find how many days it would take me to lay up £5, 17s. 6d. if I 
put by 3d. every day. 

44. If a child attends for 4 yrs. at school, paying at the rate of 2d. 
per week, on an average of 36 weeks in a year; what is the whole 
amount? 

45. If a man gets £3, 3s. a week, and puts by £10 a quarter, how much 
does he spend weekly ? 

46. If a man pays £749, 18s. 4d. for debts, at 38. 7d. in the £ ; how 
much did he owe ? 

47. How many ounces of silver will it take to make 10 dozen spoons, 
each weighing 3 os. 7 dwts. ? 

48. How many lbs. of butter at 17d. a lb. will pay for a cow worth 
£22, lOs. ? 

49. What is the difference between the product of 18, 19, and 35, and 
thatof24, 17, andl9? 

5«. Given that the French franc is worth 9Jd., find how many francs 
are worth £203, 16s. ^d, 

51. A cistern is to be made 5 ft. 7 in. long, 4 ft. 4 in. wide, and 3 ft. 
6 in. deep. How many square feet of lead will line it, and how many 
cubic inches of water will fiil it ? 

52. To the product of 130 times £70, 8b. 4d. add £35, 48. 2d., take 
£9089, 5s. from the sum, and divide the remainder by 89. 

53. Find the greatest common measure and the least common multiple 
of 128, 384, 768, and 2304. 

54. If the food of 82 men for 26 days cost £199, 178. 6d., what is the 
cost of the daily food of each man? 

55. How many strips of turf 1 ft. 4 in. long and 9 in. wide will be 
required to turf a playground which is 83 ft. long and 45 ft. broad, there 
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being a grayel walk 7 ft. broad rmming through its entire length, and a 
■pace in one comer occupied by an out-honse which is 10 ft. square? 

56. What sum will settle the following bill :— 40 chests of doves at 
2s. Id. each, 35 bags of coffee at £2, Os. 6d. per bag, 71 bags of saltpetre 
at £1, 5s. 6d. a bag, 5 casks of sugar at £2, 6s. 6d. a cask? 

57. A boy buys a suit of clothes, which he will pay in a year, at so 
much per week ; there are 2| yards of doth at lis. 4d. per yard, the 
trimming costs 7s. Id., and the making 15a. 3d. ; what has he to pay per 
week? 

58. Find the amount of the following bill : —20 doaen copybooks at 
2s. 6d. per dozen, 15 dozen aoeount-books at 16a. per dozen, 1000 quilla 
at 5s. 6d. per hundred, 125 inkstands at 7|d. each, 24 doaen lead pancila 
at 2s. 9d. per dozen, 64 boxes of steel pens at Is. 8d. eadi box. 

59. A person's weekly expenditure is £15, 5s. What must be his 
daily income that at the end of deven years he may have saved £425^ 
18s. 8d., supposing that the first year is leap year? 

60. Find the value of (2346784 x 53-f-583) + (107298 -S- 18 x 79.) 

6x. Find the Least Common Multiple of 225, 256, 289, 1023, and 4095. 

62. How many planks, eaoh 27 ft. long and 21 inches wide, will be 
required for the construction of a platform which is 54 yds. Icog and 21 
yds. broad ; and what will be the cost at 5}d. per square foot ? 

63. A contractor beginning trade with a capital of £20500, gaina for the 
first six years at the rate of £2109, ISs. 4d. a year, and in the next four 
years he gains the following sums— viz., £108, lOt. 6d., £3021, 19b. 6d., 
£710, 19s. lO^d., £4682, 17s. 4^d. In consequence of strikes, and the eon- 
sequent rise in prices of materials, he loses next year one-half his total 
profits in the last two years, and in the following year he again loses, but 
his loss is only one-half of that in the preceding year. What wiU be hia 
real capital at the end of the twelve years? 



CHAPTER IF. 
PRAOTIONS. 

DEFINITIONS. 

52. A Fraction is a quantity which expresses a port or 
parts of a unit. 

Thus, if one apple be divided into five equal parts, each of these parts 
would be a fraction of the whole apple, and one part would be caUed tmt-' 
fifthf two parts would be called two-fifths, &c. 

A fraction in its simplest form consists of two numbers, 
of which one is placed dbove^ and the other helow a line 
drawn between them. 

The figure placed beneath the line is called 

The Denominator, t.e. the ^^ name-giver^^ because it gives 
the name to the parts. 

Thus, when, as in the above example, the unit is to be divided into 
five equal parts, each part is eaUed a fifth, and two of these parts are 
called two-fifthtf which is thus expressed, {, where the 5, which is the 
denominator, or name-gioer, gives the naxae fifths to the fraction. 

The figure placed above the line is called 

The Numerator, ue. the ^'nwmherer" or "counter/* because 
it indicates how many of the parts named by the denomi- 
nator are to be taken. 

Thus, in the above example, f , the 2 is used to indicate that two-fifths 
are to be taken. 
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53. By help of the following proposition, which is best 
explained Iby an example, we shall be able to obtain another 
definition of a fraction. 

Ex. Tojprove that ^ of I =1 of 2. 

Since 1 = five-Mtha of a tmit, 
2 = ten-fifths of a unit, 
.*. I of 2 = i of Un-Miha of a unit = ttoo-Mtha of a unit = { of 1. 

64. The following definition of a fraction will now be 
easily understood. 

Def. A fraction is a simple mannez of indicating that its 
numerator is to he divided by its denominator; e.g. — 

The fraction f = (1.) three-sevenths of one, 

= (2.) one-seventh of three, which is found by dividing 
3 by 7, t.e. the numerator by the denominator. 

VULGAR FRACTIONS. 

56. A Vulgar Fraction, i,e, a Common Fraction, is one 
which is expressed by means of a numerator and a denomi- 
nator placed one above the other. 

A Vulgar Fraction is either — 

(L) A Proper Fraction, i,e, a fraction whose numerator is less than its 
denominator, as ^ ; or, 

(2.) An Improper Fraction, t.e. a fraction whose numerator is either 
equal to, or greater than, its denominator, as f , ||, V> W > ^^ o' 
which may be either— 

(1.) A Componnd Fraction, i,e, a fraction of a fraction, as ^ of ^ ; or, 

(2.) A Complex Fraction, i,e, a fraction whose numerator or denomi* 

nator, or both, are fractions, or mixed numbers, as -| yni -r? 

A Mixed Number is one which consists of a whole num- 
ber and a fraction, as 4|, which is only a shortened form of 
4 + 1, the sign^Zt^ being understood. 
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66. Every integer may be considered as a fracHon, having 
itself for the numerator, and unity for the denominator — 

Thu, 6 = {, for 6 divided by 1 = 6. 

67. To MULTIPLY ANY GIVEN FBAOTION BY ANY GIVEN 
INTEGER. 

Ex. ^ X 7. 

Here we want to make the quotient, found by dividing 2 by 35, teven 
timet greater. Now any quotient may be made neven times greater in 
either of two ways, viz. — 

1st. By making the dividend seven times greater; or, 

2nd. By making the divisor seven times leat; 
•o that -h iiuty be multiplied by 7 either 

Ist. By keeping the same denominator, and multiplying its numerator 
by7; 

2nd. By keeping the same numerator, and dividing its denominator 
by7; 

Henoe we deduce the following rule— 

BULB.— To multlplj any given fraction by any given integer, 
mvltiply the numerator by it, or divide the denominator by it. 

N.B.— It foUows that— 

68. Conversely, To divide any given fraction by any 

GIVEN INTEGEB. 

Ex. ti ^ 7. 

Here we want to make the quotient, found by dividing 21 by 22, seven 
times less. Now any quotient may be made seven times less in either of 
two ways, vi«. — 
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Isi. By making the dividend seren thnes gmaller; or, 
2iid. By making the divisor seven times ffreater; 
BO that fl may he diyided by 7, either— 

Ist. By keeping the same denominator, and dividing its numerator 
hy7; 

-^ 21 . - 21-5-7 3 _ 
^^'^"'^='""22""'^.*^' 

2nd. By keeping the same numerator, and multiplying its denominator 
by7; 

Thns?^^7 = -^i- = ^ 
inns, 22 . ' - 22 x 7 154. 

Henee we deduce the following rule— 

BULB.— To divide any given fraction by any given integer, divide 
the numerator by It^ or mnlttiOy the denominator by it. 

69. The value of a fraction is not altered by 
multiplying or dividing both its numerator and its 
denominator by the same quantity. 

Ex. 1. Midtvplyi'ng the numeraior and the denaminatar of-f^ 
hy 3, we get * 

7 «- yxe _ 21 

"ST "" 2 4X8 — TS' 

To establish the truth of this proposition, it is necessary to remark 
that if a quantity be first multiplied and then divided by the same num- 
ber, its value is not thereby altered. 

Now, when the numerator of a fraction is multiplied by 3, as in the 
above case, its value is thereby vn^eated threefold (§ 57) ; and when its 
denominator is multiplied by 3, as in the above example, its value is 
decreased threefold (§ 58) ; so that the value of a fraction is not altered by 
multiplying its numerator and its denominator by the same number. 

Conversely, in the following example it will be noticed that by dividing 
the numerator of a fraction we decrease its value, but by dividing its 
denominator by the same number we increase its value in the same degree 
that we before decreased it. 



2. Dividing the nvmerator and the denominator of ^ 
hy i, we get 



-~ — 84-I-4 — V 
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K.B. — ^When the numeraior and the denominftior are both divided by 
the same number or numbers, the process is called cancelling. 

60. To REPRESENT AN IMPROPER FRACTION AS A WHOLE 
OR MIXED NUMBER. 

Ex. !• The value of \f is not altered by dividing its nume- 
rator and its denominator by 3 {§ 59) ; therefore^ we have 

V = ir^ = 4 = 6 (§ 54). 
2. ^ = M«±i ^±^+*^i2j + t = 137*. 



In this second example the di£Sculty is to find what number (in this 
case 4), less than the denominator 7, is to be taken from the numerator 
to form the fractional part of the answer, so as to leave a multiple of 7 
to give the integral part of the answer. This number can always be found 
by dividing the numerator by the denominator. 

Hence the following rule — 

BULB.— To represent an Improper fraction as a wli61e or mixed 
number, divide the numerator by the denominator. If there be no 
remainder, tbe quotient, wlildi will be a wbOIe number, will be the 
answer; but if there be a remainder, the answer will be a mixed 
number, consisting of the quotient as a whole number, and a firac- 
tlon having the remainder for its numerator and the original de- 
nominator for its denominator. 

Compare the following examples — 

Ex. 3. -JJJ = 5tI^ (§ 60) = 5ji^ (§ 59) = 6^^; or, 
Ex. 4. Ill = ^Wt (§ 59) = W = 5^ (§ 60). 

61. To REPRESENT A MIXED NX7MBER AS AN IMPROPER 
FRACTION. 

Ex. 4^ = 4 + |j 
Now, 1 = f, 

.•.4 + f = y + f = V. 

Hence the following rule — 

BULB.— -To represent a mixed number as an Improper ftaotloB» 
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multiply tbe Integer lyy the denominator of tbe fractional part, to 
tbl8 product add the numerator of the fractional part, and set down 
this snm as the nnmerator of a fraction which has the same denomi- 
nator as the fractional part of the glyen mixed nnmher. 

62. To REDUCE A COMPOUND FRACTION TO A SIMPLE ONE. 

Ex. 1. f 0/4 = (1.) 3 tim^ (I ofi) = 3 times (4 -^ 7) =:» 
3 times j^ (§ 58). 

• 8 fxf 4 j_ /O \ 4 y O ;_ 4X8 ^j 1 S j_ the prodnct of the nmnemtoni. 
• 'Tv 7 \^'/ 5X7 ** 6X7 "^ the product of the de&omiojktm 

Hence the following Rule — 

BULE.~To reduce a compound fraction to a simifle one, multiply 
together all the numerators for a new numerator, and aU the denomi- 
nators for a new denominator; the fraction, so expressed, Is the 
answer. 

111 

The working is here considerably shortened by cancelling; thus — 

(1.) Reduce to unity the 3 and the 19 in the line of numerators, and 
do the same to the 3 and the 19 in the line of denominators. The value 
of the answer will not be altered because we have divided the numerator 
and the denominator thereof by the same number— viz., 3 x 19, or 57. 
(§ 57). 

(2.) Divide the 16 in the line of numerators, and the 8 in the line of 
denominators, by 8, and put 2 above the 16, because 16 -r- 8 = 2, and 1 
beneath the 8, because 8^8 = 1. 

(3.) Now, applying the rule, we get 

The product of the numerators = 1x1x7x2 = 14 ) . . — ll_o^ 
The product of the denominators = 6x1x1x1=6}'* **** "" 5 "" 6, 

N.B. — 1. It is not usual to put down the ones when cancelling. The 
foHowing example should therefore be carefully noticed. 

Ex. 1 s r)f * - ^^ - 1 

2 8 

N.B, — 2. Mixed numbers must be reduced to improper fractions in find*^ 
ing the value of a compound fraction, thus^ 
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T 

Ex. 2. 2J qfii = lof^ = V = H' ^ns. 

63. To REDUCE A COMPLEX FRACTION TO A SIMPLE ONE. 

3J_V_ 26 ,.^.v 25 



2. 



61 - 19^ 



If we diTide V ^7 1^* ^^ "l^i^ evidentlj divide bj a number which is 3 
times too great, and our answer will conseqnently be 3 times too small, 
and will thexef (»e require to be multiplied bj 3 to bring it to its required 
value. 

Now V CIA ^ divided bjl9 by simply multiplying its denominator 
by 19, thus— 

y -M9 = -il- • 

* • 4X10^ 

1 T 

and XxTo ®^^ ^ multiplied by 3 by simply multiplying its numerator 
by 3, thus — 

17 V 3 — 17X8 _ SI 
TxT© ^ •^ — TxTo "" TIT* 

A consideration of these two examples enables us to lay down the fol- 
lowing rule — 

BULB.— To reduce a eomplez firaotlon to a simple one, express its 
numerator and denominator as £raotlons, keeping the denominator 
below the numerator ; then multiply together the extremes (i.e, the 
top and t>ottom numbers) for the numerator of the answer, and the 
means (t.e. the middle numbers) for its denominator. 

171 69 

T?— o ^'Y _ T _ flOxe __ 414 _ 1 104 _ 1 07 

'■^ ^« "Qi" - TT ~ 4x66 "■ ^^TT - ^^^TF - ^rnr* 

The process of cancelling is thus applied in such cases — 

«. .■• the product of the extremes, ., - i, j.-i. j. •* 

Since the answer = ru — - — 3 — i — j—dc 1* follows that if 

the product of the means, 

either of the extremes is divisible by the same number as will divide 

one of the means, we may cancel by this common measure, thus — 

69 

^'Y _ i."^ _ gOX3 __ 207 _ 1 07 
9^ "65 ~ 66xa ~ TTTT ~ -^TTTr* 
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64 To REDUCE A FRACTION TO ITS LOWEST TERMS. 

Def. 1. — A fraction is said to be reduced to its lowest terms when ittf 
numerator and denominator are prime to each other. 

When these are not prime to each other, they are each exactly divisible 
by a number greater than unity ; this number is called their Common 
Measure, and the greatest number which will exactly divide them is called 
their Greatest Common Measure, and may be found by § 32. 

When one number is prime to another, they have no common measure 
greater than unity, so that the following definition is also correct : — 

Def. 2. — A fraction is reduced to its lowest terms when its numerator 
and denominator have no common measure greater than unity. 

The following rule will now be self-eyident — 

RULE.— T6 reduce a fraction to its lowest terms, find the O.C.M. of 
Its nnmerstor and denominator, divide each of them by it, and set 
down the quotient of the numerator as a new numerator, and the 
quotient of the denominator as a new denominator. 



Reduce \^i to its lowest terms. 

By § 32, we find that the O.O.M. of U97 and 1539 is 171. 

. mu 1107-8-171 7 

.'. The answer = isao^-i7i = i' 

K.B. — ^It is often possible to reduce a number to its lowest terms with* 
out finding the G.C.M. of its numerator and denominator, thus — 

■Pt 819_110±1^_01 __»1±1._ 13 
'■^ •STy~ 046-5-9 ="T7JT"" 10 &-i- 7 —Tff> 

which should be worked thuif— 

810 _ 91 _ 18 
ITTT — TTTT ~ TT' 

65. To REDUCE FRACTIONS TO EQUIVALENT ONES HAVING 
A COMMON DENOMINATOR. 

Ex. Let it he required to reduce f, 4> ^ to equivalent frac- 
tions having a common denominator, 

1, It is evident that no simple fraction whatever can be equivalent to 
f, unless its denominator be some multiple of 8, because the fraction 
being already in its lowest terms, we cannot divide its numerator and 
denominator by any common measure, and the only other way to obtain 
an equivalent fraction is to multiply both the numerator and the deno- 

G 
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minator bj Bome number, thereby obtaining a denominator which will 
be a multiple of & 

2. In the same way we may show that no simple fraction equivalent 
to ^ can be found which has not a multiple of 9 for its denominator, nor 
any equivalent to ^^ not having a multiple of 12 for its denominator. 

3. We therefore conclude that any common denominator to the frac- 
tions I, I, and ^ must be a common multiple of their denominators, i.e, 
must be exactly divisible by 8, 9, 12. 

The least common denominator will therefore be the L.C.M. of 
8, 9, 12 (§ 34), which is 72, and we take this for the common denominator 
of the given fractions. 

4. Taking the fractions in order, it is evidently necessary to multiply 
the denominator 8, of f , by 9, to make it 72 ; and to keep the value of the 
fraction unaltered, we multiply 3, its numerator, also by 9, 

and we then have |- = g^^ = y|-, ) 

4x8 s 2 V -^^ these fractions have the same 
similarly, -^ = g^g = TTr» r denominator— viz., 72. 

„,.^ 5 __ gxe 3 1 

*"" T2" — 12x6 — TiS' ^ 
From what has now been said, th© following rule will be self-evident— 

RULE.— To reduce fractions to equivalent ones having a common 
denominator, find the L.C.M. of the denominators of the given firao- 
tions; divide this L.C.M. hy each of the given denominators, and 
multiply each successiye quotient hy the numerator which corre- 
sponds to the denominator used to find that quotient. 

Exercise 17» 
Exercises on Articles 52 to 65. 

1. Explain, as to a class, the term, ** Vulgar Fractions.'* 

2. If the numerator and denominator of a fraction be multiplied by 
the same number, the fraction thus obtained is equivalent to the former 
fraction. Prove the truth of this rule by taking the fractions I and f^, 
and showing that they are equivalent. 

3. Explain the terms numerator and denominator^ as applied to Vulgar 
Fractions. 

4. Explain the rule for finding the Greatest Common Measure, and 
bring to its lowest terms the fraction f ^|. 

5. Iteduce the following improper fractions to whole or mixed num* 

U 1* 110 A01 82409 143020 101986 4290856 

oers:— Y, Yr» xtt* lei » ira » sayi » 134a • 
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6. Bedace the following mixed ntimbers to improper fraeiioni :— 4f, 
8|, 161, 14im 218^^, 4HHI, 16385ii^. 

7. Find the least common denominator of the following fractions, 
and reduce the fractions to equivalent ones having that least common 
denominator:— i, i, and^; |, f, and ^; f , ■^, f, and f ; H» W» i^, 
H. and U ; if, tt, m* ft, il, Ml, and ^ ; if, ^, ^„ i J, iff, and m- 

8. Reduce the following compound fractions to simple ones, or to 
mixed numbers :— ^ of f , f of 1|, ^f of ^, f of ^f of A. tV^ of H of ^ 
of f , 2i of 16J, 6| of if , Jfof 3i,lMf T^of 2iof J of 19,Hof l^of 
6} of 81i, A of A of H of 169, ^ of 2A of 17 A of 20. 

9. Reduce ^g of ^ of 21^ of ^ of 95 to a Vulgar Fraction having 289 
for its denominator. 

la Multiply t by 3, « by7,« by9,|^l by 5, fl by 15, Hi ^7 17, 
Hi by 81, ■^^m^ by 326, .^rfWaW by 8069. 

11. Divide H by 3, ^ by 7, t^ by 5, Hf by 4, ^i^ by 71, ^y^ by 17, 
ittH by 804, ^ftWfir by 413, f H by 170. 

12. Reduce the following fractions to their lowest terms :— 8Hi f $S> 

Ay^T, if^Ki, *w^, -im^. muh mh imih ^V4%, mum, 

I. Addition of Fractions. 

66. Addition of Fractions is effected in the following 
cases — 



(1.) When all the fractions to be added together 
have the same denominator. 

Ex. 1. Add together i, f, |, and J {i.e. Find the value of 

4 + f + i + i)- 

Here 1 eighth + 3 eighths +6 eighths +7 eighths = 16 eighths = V = 2. 

The reason of the following rule wiU now he eyident — 

RDi.E.— To And the-sum of a niimber of flractlons haylnsr the same 
denominator, divide the sum of tlieir numerators by their common 
denominator. 

(2.) When all the fractions to be added together 

HAVE not the same DENOMINATOR. 

Ex. 2. Add together |, f, ^, and i {i.e. Find the valv^ of 
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Since we can only add together quantities of tlie fame kind, we mnst 
express these given fractions as equivalent ones having one common 
denominator before we can find their sum. We find by § 65 that 

Hence the reason of the following rule — 

RULB. —To find the snin of a ntiml>er of fraotlons having: different 
denomlxiAtori; ozpress them lint as equlTalent ftaotioiu havlncr the 
same denominator (§ 65), and then dlTlde the sum of the nume- 
ratom of these new fractions hy their common denominator. 

(3.) When some or all of the fractions to be added 
together form parts of mixed numbers. 

Ex. 3. Add together 3J, f^, afid 8^ (i.e. Find the value of 
3J + ^ + 8i). 

Adding together the whole numhera separately, we have 
3 + 8 = 11, 
and adding together the fractions separately, we have 

therefore, 3i + f + 8i = ll + l^ = 12^, Ansicer. 

Hence the reason of the following rule — 

RUUL'To add toerether mixed numbers, add together the whole 
numbers separately, and also the ftaotions separately, and find the 
sum of the two results. 

(4.) When all or any of the fractions to be added 
together are improper fractions. 

Ex. 4L Find the sum of ^^^, \®, VV ^^^ V (**^- -^*^ ^^ 
value of W + V + VV + V). 

Reducing the improper fractions to whole or mixed numbers, we have 

W + V + W + V = lltt + 4| + 2j[|+8, 

-=(ll + 4 + 2 + 8) + (H + l+ i*,) 
= 25 + lit, 

= 26||, Animer, 

Hence the reason of the following rule — 

RULE. —To find the sum of a number of Improper fractions^ express 
them first as whole or mixed numbers, and then add them together 
as such. 
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N.6. — ^When the given improper fractioiiB are not expressed in their 
lowest terms, they should first be reduced to their lowest terms, then to 
mixed numbers, and then be added together, thus — 

**• J-^esumoi ^y, 2^^, ana -^ — 27.^,9 + 2 8-t-7 ^ 45+15 

= V+ V+V 
= 6| + 22| + 3i 

= 32|, Anstver, 

(5.) When all or any of the quantities to be added 
together consist of compound or complex fractions. 

The reason of the following rule is self-evident — 

RULE.— To find the sum of a niiml>er of oomponnd or comiflex fhu)- 
tlons, first reduce them to simple fTactioBs or mixed numbers, and 
then add them together as such, thus— 

Ex. 5. The sum o/| of J, 2^ of 8, and | of 2| of 1| = 
(fofJ) + (2iof8) + (Sof2^ofl|) = 

(fof-j).(^ff).(;-of|off)= 
1^ + V + 1 = 

3i^ + 171 + 2| = 

20j^, Answer. 

^e. The sum of ^ll ^ "" ^ ^'\ l|. and^ of 9 - 
37 .^0 ^ ^ 

185 1 . 13 

°¥ IT 

19^5 27 

^-7 00-28 ^ 

ji^-2 ^5 +^ + 15- - 

^ -8 ;g-i 

15 . 27 4. *1 J. ^1 « 

TT + TUT + TF + ^y ™ 

61^, Answer. 
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Exercise 18. 

Addition of Fractions. 

X. Add together f, f, andf ; *, |, |,and f ; At H, Ai Hf a^d « ; IH, 
^, ^f, Wh and m- 

2. Find the sum of 1, f, and if; A» M. «idH; A» H, *J,andf|; |, 
A, A, H, and H ; H, tt, H, W, i«^, "^d mU A, «^, fH, nft^» ihHf 
Mi and TT^' 

3. Find the value ot^^¥^; 6 + 2+ 4J + 3^; | + 1 + IJ + 4 + 6i; 

7i + 8 + 16A + M ; 21A + 8f + M + 8A + t/^; if + tt + 6tH + 

71(W + 2^ + 102. 

4. Simplify the foUowingexpresrions, | + V + f ; H + M + W + V ; 

VI^ + \W + V^ + 3i + i9;V + « + 5i + 3 + W;W + W + IJ + 
if + W + W + 'H° + I7i. 

5. Simplify the following expressions, i+'lf + A + lfj ^ + iWr + 
904i f + (2 J of 53) ; 4f + if + 3i of 2^?, ; 3i of f of 2x13 + 17 + l^i of 2f 

..fll..fuy..nv ^^^^^ - 7^of33 . HofH , 7»ofTgir . 4f 8t 
of«ofWofl5.^-^^» 19iofii' iJofll' Ifof i ' li^^r. 

5 .It. f + 16f of 31^ of 20 , 31 + 41. 3f + 4^ 

9 lA' f of2|ofl|^ofl9 + 2i + iofl6"' 6i + 8|' ej + lof^ 

1^ + ^ 3i + 2f + t — +~+— fof7i 

6. Find the value of 
6 x7-J-9 , 2 + 4 + (19-^7)x3 



15 



18-i-6 X 3 ^ (17 X 2-e-ll) + (61-^9) + (31 x 17-7-9 times 3). 

7. Simplify 

•{ (3x4K(5x2x7) )■ + ■{ (102-M9)xl4x3 )■ + -{ (18+101-19)-r-7x3 V 

(19x6x7) + i (18+14-17H6 }•• 
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II, Subtraction of Fractions. 

67. Sabtraction of Fractions is effected, in the following 
cases, by methods the reason of which may be generally 
found by referripg to the corresponding case of " Addition 
of Fractions.^^ 

(1.) When the given fractions have the same 
denominator, 

Ex. 1. From ^ take ^ (Le, Find the value of -Jf — ■^). 

Since 14 - 4 = 10, 

14 fifteenths - 4 fifteenths = 10 fifteenths = yj = 15^5 = |-. 
The reason of the following rule is self-evident — 

RULE.— To find the dliference of two fractions havliisr the same 
denominator, divide the diiferenee of their numerators by their 
common denominator. 

(2.) When the given fractions have not the same 
denominator. 

Ex. 2. Take %from \^ {i.e. Find the value of\^ - |). 

As in addition of fractions, we first reduce the given fractions to 
equivalent ones having one common denominator, and we thus find that 

Hence the following rule — 

RULE.— To find the difference of two fractions having different 
denominators, reduce them to equivalent fractions having a com- 
mon denominator, and divide the difference of their new numerators 
t>7 their common denominator. 

(3.) When the given fractions form parts of mixed 

NUMBERS. 

The reason of the following rule is self-evident— 

RULE.— To find the difference between two mixed numbers, Und the 
difference of the whole numbers separately, and also of the firactions 
separately, and add the two results together. 
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3. From 8^ take 5^ {ie. Find the value of %^ - 5 J). 
8-6=3 ) 

A - 1 = 18-7 _iij.*. 8f-6i = 3 + H= ^. ^ntwer, 

4L Fr(m 19 J take 8 (*.e. i^iiwZ /^e value <?/ 19J - 8). 

19-8 = 11, 

. •. 19J - 8 = 11 + J = UJ, Answer. 

{Le, Find the value ^14^ 



Ex. 5. 


From 


IH 


take 


2A 


-2A). 


14-2 = 


12 








1 5 
T " T2 


■ = - 


12-25 
60 


t 



Here we want 13 sixtieths more to enable us to snbtract ; we are, in 
fact, in the position of a debtor who owes 25 sixtieths^ and has only 12 
sixtieths with which to pay his debt ; so that, after paying all he has — 
%,e, 12 sixtieths — ^he will still owe 13 sixtieths^ which may be expressed by 
saying that he has a debt of 13 sixtieths, which is indicated thns— 

" i^ (viittus 1^) 

.-. 14i - 23f\, = 12 - H = 11 + 1 - H = 11 + 1^ - M = 11 + tt^ llf*. 

In all cases of subtraction of fractions it will be well to remember the 
following role, the reason of which is apparent from what we have 
already said — 

RULE.— When the fractions have been reduced to a common deno- 
minator, If it Is found— 

(a.) Thai the fracticm in the subtrahend is less than that in the 
minuend f take the difference of the new numerators as the numerator 
of a fraction which shall have the common denominator of the given 
fractions for its denominator; set the sign plus before this fraction, 
and, in Subtraction of Mixed Numbers, place it with its sign after the 
difference of the integers, and perform the operation indicated by this 
expression, thus — 

Fx. 1. 7| - 4f. 

The difference of the integers = 7-4 = 3. 

1 



The difference of the fractions = f - J = ^f "^ = ^^ 



.'. The Answer, = 3 + A = 3^. 
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(5.) That the fraction in the subtrahend is fi^^ater tJian that in the 
minuend, take the difference of the new numerators as the numerator of 
a fraction which shall have the common denominator of the given frac- 
tions for its denominator ; set the sign mlnas before this fraction, and, 
in Subtraction of Mixed Numbers, place it with its sign after the dif- 
ference of the integers, and perform the operation indicated by this 
expression, thus : — 

Ex. 2. 7 J - 4|. 

The difference of the integers = 7 — 4 = 3. 

The difference of the fractions —\ - | = 24 ~ aT" — "" A» 

.'. The Answer, = 3-A = 2+l--A = 2 + ^- A = 2 + ii = 2^. 

(4.) When either the subtrahend or the minuend, 
or both, consists of an improper fraction — 

RULE.— To subtract Improper fractions, reduce them to mixed 
numbers, and then proceed as in Subtraction of Mixed Numbers, 

V-r A 917 __ Ifl — 917 _ 1 1 _ 1 236 
P-. 7 24'll_16 _ll-_ 21 



8 66 89 __ 02 _ Oil _ ai 

(5.) When either the subtrahend or the minuend, 
or both, consists of a compound or complex frac- 
TION — 

RULE.— To subtract compound or complex firactions, reduce them 
first to their simplest forms, and then proceed as in Subtraction of 
Simple Fractions or of Mixed Numbers, as the case may be. 

Ex. 9. 4^-(| of 5J)=4|- (I of ^') = 4|- 2 = 2f. 



i ^«( 11 

Ex. 11. (If of 10f)-2|=(^^ of M')-2J=«? -2J = 
12|-2| = 10^. 



106 ARITHMETIC. 

Ql _ f Q 1 146-20 

Ex. no ^ Tir__4 g£g_4_ T¥- 6 ^4-20, 4- 5 

*^ *? ^ - 1 

Ex. la 3f of 7^-^of lejof 8= V of V - (gof ^ of|) 
= ^-^ = 25tV-114|= -(11H-25A)= -89^. 

Ol 11 4rxf'7 11 28 7 28 

Ex. ^± -^T - ^y _ T Q^ ' _ ^v _ t - v _ X= *» _i«8 — 

•^^ ■■•*• 4.1 ia.4.2 4.1 4.5 29 29 T7T TTT 

245-1008 _ 768 
STO " ^TTTF' 

Exercise 19. 
fSubtractipp of Fractions. 

1. Find the valtbe of— 

w*) f ~tt5 iTn!~«"> 7T~»5 fT~3T» T»~9> »~ToT> l8~ini> ■jnr'""ffoT> 
tbYJ "* Tii^ f Toft ~ 10 940% > lo^iS ~" Tinnmr > vs ~" 7S««* 

(<^.) f-A; i-ll; A-A; li-tSfn; ii-TVi^; ll-iM; Hl-iSft/V; 

[€,) j'^%f Tt'^tJ ar'^TaJ ^TTa'^'Tn^j Tb'^'2T> Tos'^t^* Ifi'^afffJ 

ijda— 4M* ix-itt' iSLi—&it' io£-fii* iiU2-JU^ 

iff') 4* - 24; 16f - A ; 2J - U; IZif -3f ; 2p-44 ; lO-^V; 16i-3; 
8J - 2i; 7 - li; 2J - IJ; 34-3}; 2|-1|; ?-;H; 20^4-9|; If-^; 

34-Mb; 16-14?^*; 184-6x4TTr» 

(M 6-6J; 2J-2i; 1-1^; 2-li; 18-6?; f-f ; J-H; 82}-^!; 
46A- - 17if ; 2 - 8J ; 16 - 2A; 20 - 40A ; 18 - 3^**;^; 14^ - 200^; 
2114 - IWr; 84 - 301; 10 - ITLjh; 18^ - 19^. 

2. Simplify the following eTrpressions — 

/^\8.6.fl 6.8 8.2 l.l«4.8.2_jr 5. 

JLZ_nf 1 7.28 7_8.14 80.4.17_1.8 nf i-of 7 
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/T X 18-^7 . o« _ 115^19 . 16x294-7 .^ 10x514-145 
V>') 16=Oi ^^ 2|+2§+4§' 5x17-5-3 644-13x48 

8x7x94-14 1 ^fioi_jL 

84-7x101 13(14-17) " .^i ^ ^ 



13x164-5 ;^5 _^, J^ . '* 

M 7(6+3)-(8-n) y ^^* "" m * 

I of »+^ of 3JV- -{ (f of 4i of 7-H of If of 3f of 16) -55^^ j- 

If _ 16H2^-17^T + |of"l?^ 
7jrV-4f 4| l^ofj 

3. WMtmust he added io (|||^ of f^ , |^) 
fo maZ;e *Y equal to (Jr of 3iof 3f of l? + i )? 

III. Multiplication of Fractions. 

68. In Multiplication of Fractions the same rule is fol- 
lowed as in reducing a compound fraction to a simple frac- 
tion. The reason of this rule will be evident from an 
example — 

Ex. 1. Multiply -Y^hy Y (*-^- -^*^ ^^^ ^^^^ ^/t^^ f-) 
Here,^x3 = ^«(§57) = i|. 

This result is evidentlj 7 times too great, because -^ is not to be mal- 
tipUed by 3, but by f of 3 ; 

• '• Tlf ^ T = (it X 3) 4 7 = "19- 4- 7 = X9X7 (§ ^S) = T^7> -aW5. 

Hence the foUowing rule — 

RULE.— To find the product of two or more fractions, multiply aU 
their numerators for a new numerator, and aU their denominators 
for a new denominator. 

N.R 1. — Whenever the quantities whose product is to be found do not 
aU consist of simple fractions, they must first be reduced to simple frac* 
tions, and then multiplied together by the rule given above, thus — 

Ex. 2. Find the value of 3|- x 5 J. 

^^~^l- qivlil«»«v81_2SX81 -, 7 7 5 _ 1 AT 
«1_81 j • • ^^^^^^ F '^ T 8XT" ^ir^^^TS' 
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Ex. 3. Find the value of | of 5f x 3| of 9 x If. 

4of5fx3^of9xl|=|x^x^x^xl^=J41 = 190|. 

N.6. 2. — In finding the yalne of an involved fraction, it shonld be 
remembered that the signs x , -f-, and "o/" connect the terms between 
which they are found, into one quantity, while the signs +, — , and '^^ 
separate the terms between wliich they occur into distinct quantities, 
thus — 

EX.4L 2x8 + 14-f7-3|of5 + 21^4-3xl9 = 
(2x8) + (U^7)-(3^of5) + (21-f4)-(3xl9) = 

16 + 2 - 17|^ + 5J - 57 = 
231-741 = 
— b\\, Answer, 

Ex.5. |of4 +i-J+ |xi = 
(|ofi) + i-J + axl) = 

8 j.i— 1 4- 2 — 

XT +t V+ TS — 

l^, Answer. 

Exercise 20. 
Multiplication of Fractions. 

1. Find the value of — 

6 v> 80 V ^ 

(6.)^x^x||x^x^x20; H^^of 9x|^of 
^of2Jofi|of30. 

(c.) Uxfj|x3J;|x|xlfj|4of l^xl^of 75j 

Jl >' 2,^ >' 1:^ of 101. 

2. Simplify the follotving ex^essions — 

2|- + (H of 2^)-ii 7i+ (3i of 1^ of 4) -i ; 3| of ^ 
x4^ + 21J-3fof^. 
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3. Find the continued product of 24f, J, II4, ^, and-^; 
and of 15^, ^, 16f, ^, and ■^. 

4. Multiply A ofm hy^ 6f 7^; aTi^ [| ^ 2 + 1 - 1 + i] 

hy 2 _ 1 . 3 r 
^ 7 t + T-T- 

5. Reduce to simplest terms the expressions — 
^xiof|of5i;[409| + 2|]xl5|; 



TT 

7 _ 



8—2 11 91 

6 8 15_188vl2' 



6. i^*W ^^6 value of A >^ ft ^ 2J of 3^^ x {4J + 2 (f + 4|) 

. 1 168 1 V ^JS 

IV. Division of Fractions. 

69. The Rale for Division of Fractions will be seen from 
an examination of the following example — 

Ex. 1. Divide -^ ^ xl (*-^« -^^^ ^^ value of ^-^ \^). 
Here,^-13 = T^xi3(§ 58). 

This result is evidently 15 times too small, because ^ is not to be divided 
1^ 13, but by ^ of 13; 

^^il = i^xi8 X 15 = J^ (§ 57) = ^^, ^li^t^er. 

Hence the following rule — 

RULE.— To divide one fraction by anotber, invert the divisor and 
mnltiply tlie dividend by the firaction thus inverted. 

25 2 
"2. 4J-7i=V-V = T''f9=l?, Answer. 

3. {^ of I of ^) -f (il'of 2| of 14) = 
\10 9 2/ VI6 8 t ) 



8 4 

5 

TXT J, 2 3X11 _ 7 X / A0 X 4 _. 7X7X6 ^215 >/«- 
2X9X2 • 16X4 ^v<4v^9^vll 8X2 8X11 — TrST? -«W5. 



;gx0x,^ 23x11 
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70. It may be here explained that all examples in Division 
of Fractions may be worked out by the rule given for reducing 
Comjplex Fractions to Simple Fractions, thus — 

2 

Ex. 1. f -f y = -| = XT > Answer. 

T 

Ex.2. H-s-7J = 5^ = ffll = 4^, Ansujer. 

4 -2 

Exercide 21. 
Division of Fractions. 

1. Find the value of — 

17 ,»_ 4 8 7 . 4.11 i 1 82 . /171 jL ^2\ V 91. 112.101 . 0186 

2. Simplify the following expressions^ 

{(iof H >< ^of 2^of 4Jof 4i) + U} - 1^; ^-ff- - liiii|. 



25^^21 . 18x23f . 1-^ ^ l|Hj , 6A . I. 

H + ^i ^ ^ ry + "5? y ^^i . 3 i of .^* ^ , >7^ nf Q • 
1+i . 1+A. 15J-7I ^ 161+2A ^ [9i|_7i]; 



1-18 1 _ 4 



1 + J . 1 + 



'■ TIS /l4-2\2* ^ 7 /l4.1\S 



1-i 1-| ^^"^"T *~^' *'¥'^^J'^6: 

(3_2 ft-_l\2 >^3 2 6__ 13v2 

t T ^ T 7 \ . ( T " T j_ T T-Sr \ . 
2_1* 11_17' \«_8 • i 1/' 

g + i) X (I + i) X (i + i) 

( gxAx3fe)+K§xj^)4-(fx ^+^j<^M+(i+M^)j&. 

J (?+l)xG%+|)x(^+|) -_ 

* This figure, 2, indicates that the quantity included within the bracket 
pf ter which it stands, is to be multiplied by itself once. (See § 126.) 
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71. Miscellaneous Examples in Vulgar Fractions. 

I. Add together 2s. 6f^., £1, 85. Sjt^., £20, 195. 7^., 
ISs. S^d. 

The sum of the pence = (6| + 3f + 7^ + 3|) pence = 21|f Jd. 

= £0 1 9t|^ 
The Eum of the shiUings = 47Si = 2 7 

The BXim of the pounds = 21 



.-.The Answer = £23 8 9|f^ 

2. Find the valine 0/ f 0/ £1* 

3 



i 



f of £1 = f of 20s. = I X ?rs. = 12s., An^er. 

P 1 

3. Multiply 17 c«?^. 3 qrs. 12 ZJ. 5y 5^. 

17 cwt. 3 qrs. 12 lb. x 51 = 17 cwt. 3 qrs. 12 lb. x V = 
17cwt.3q».121bx28 ^ SOOcwt. ^ ^^ ^^ ^ ^ ^^^,^ ^^^^ 

4. Subtract four^ineteenths of £78, lis. lOJt^., from three- 
sevenths of £51, lis, 3d. 

fof£51,14s.3d, = ^51,U^Mj<3^m5,28,id^ ^^22 3 8 
' 7 7 

A of £78, lis. lOjd. =^^«> ^^^^;Q-^- ^ ^=^^^\l": ^^' = 16 10 11 

.'. The Answer, = £5 12 4 

5. Divide 20 Aowrs 33 minutes 20 seconds by 4|-. 

20 hrs. 33 min. 20 sec.-i-4^=20 hrs. 33 min. 20 sec.-7-V= 

OA 1 00 ^:« on -«- K^ ft _20 hrs. 33 min. 20 sec. x 9= 

20 nrs. 00 mm. 20 sec. x ■^7-= — — 

— — — ^ = bkrs,, Answer, 

6. Cut a piece of wood, equal to a cubic foot in bulk, from a 
plank 10 inches wide and 4 J inches thick. 
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The surface of one end of the plank =4 J in. x 10 in. =45 sq. inches. 

. '. 1 cubic foot -f- 45 square inches = -j^ inches = ' inches 

192 
= -g- inches = 3S^ Inches, Anstoer. 

7. Reduce 65. Id. to the fractim of £\ (i.e. Find what 
fraction of £1 is worth 6s, Id.) 

Since 6s. 7d. = 79 pence, and £1 = 240, it follows that 6s. 7d. is 
£r^^, Answer, 

The rule for reducing one quantity to the fraction of another (see § 104) 
may be thus stated — 

RULE. — To reduce a givexi quantity to the fraction of another 
given quantity, reduce them both to one denomination, and take 
the result of the first for the numerator, and that of the second for 
the denominator, of the required fraction, thus— 

Ex. 1. Reduce is, Zd, to the fraction of 65. Id. 

4fl. 3d. = 51iL . ^ 3d. =* ?1 of 6s. Id. : Answer, 5 
6s. Id. = 73d. " ^' '^' 73 "^ ^- ^^' -a7*«i^, ^^ 

Ex. 2. Reduce |5. to the fraction of £1, 

i 
XI = m " "^ 5 * 35' ^^^^• 

1 



8. TFhich is the greatest, and which is the least, of the fractions 

7 9 18 11 <l 
TTj TT> "SJy TI ' 

Reducing these fractions to equivalent ones having a common denomi- 
nator, thus — 

4ieS. 4728, 4641. 4675 
8926 ' 

we see that ^ (i,e,, f J|4) is ^^^ greatest, and 

TS" (i'^'f till ) ^ *^® least, of the given fractions. 



9. Find tlie value of 6^ of 2+t__. 

8 + 4J 
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7 
Sinoe3 + 4J = 7J = V,.-.3-;4j = ,^ = J = ^ 

Therefore J = ^ = ^-f^ = f = 69 

7 ^ 

Therefore 2hT = o-?Hi = s = ^ = ^ = ^ 

Therefore Cfof ^ = ^^0=9^ = ^T> ^»««»«r. 



Exercise 22. 
liiflcellaaeons Exercises in Vulgar Fractions. 

X. How many times does } + i + | contain iV + i + i ? 

s. Find the difference between § + 1 and ^ x ^. 

3. What fraction divided by 3^^ will give 7| ? 

4« Multiply I of 5| by 7^, and divide the result by 1|. 

5. What number added to 2^ will make 4} ? 

j5. By what must 16^ be multiplied to make it 48^? 

7. A tunnel, ^ mile long, is excavated at the rate of }^ yard per day ; 
in how many years will it be completed? 

8. An estate, worth £10000, is left to A, B, and C ; g to A, | to B, and 
the remainder to O. Find C's portion, and its value. 

9. Find the difference between y^ of 29|, and 1^ of ^ of 3|. 
za Express in pecks | of 1 qr. 3 bush. 2 pks. 

zz. Multiply the sum of 3^ and 6^| by the difference of 5^ and 3^, 
and divide the product by 2^ of 3H of 1^. 

X2. Find what fraction 258 days 9 hours 19 minutes 67 seconds is of 
446 days 7 hours 23 minutes 33 seconds. 

Z3. Add together three-seventeenths of £91, 7s. 6d., and eleven-twelfths 
of £40, 128. 6d. 

Z4. What is the difference between the ntm of f and |, and the product 
of i and A? 

Z5. What fraction of 3 cwts. 1 qr. 17 lb. 3 oz. is ^ of a ton? 

z6. Multiply 20 cwts. 3 qrs. 7 lb. by 5i and divide £38, ^ 6d. by 3}}. 

H 
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vj. Find what fraction 25 dayi 51 minutei 45 aeoonds axe of 51 days 

17 boon 46 minutes 57 seconds. 

z8. Compare the magnitudes of ^, ^, and ||. 

19. What relation does a " proper fniction ** bear to unity? Can it be 
made into a ''mixed number? ** 

Define exactly an "improper fraction," and show the value of V 
of £1, 17s. 2d. 

90. Add together |, }, \^ and ^9, and subtract their sum from 1. 

SI. Find what fraction £2, 3s. 8jd. is of £2, 6s. 3|d. 

22. Add together ^ of ^ of 2^ of £1, ^ of ^ of \\ of 10s., ^ of V of 
fl of a crown, f of ^ of ^ of a florin, and 3^ of £2, 7s. 9}d. 

23. Beduce 4s. Tjid. to the fraction of 5s. 9d., and 4 cwt. 57 lb. to the 
fraction of IJ qrs. 

24. Beduce to their lowest terms and compare the two fractions ^f^f 
and MH. 

25. Divide the sum of 6f and 1| by the difference between 3^ and 2|, 
and find the value of (12^ - 8j - lt\r + ^) x 4^ x (7^^ - 6i) ; and of | •^ 

26. Express j of 2s. 6d. + i of a guinea + | of £1 - ^ of a penny, as a 
fraction of £5. 

27. If A of a guinea be taken from ^ of | of £5, what fraction of £100 
will remain? 

28. Compare the values of ^ of £1, ^ of 1 guinea, and ^ of a crown. 

29. A man leaves to one of his children | of his property, to another 
£200, and the remainder, being § of the property, among the rest. How 

. much did he leave ? 

30. Find the greatest and least of the fractions }, ^, ff . \\, 

31. A person at his first game loses \ of his money, at the second \ of 
the remainder, at the third f of the rest, and finds himself with £3, 6s. 
remaining. What had he at first? 

3a. Which is the larger amount, and by how much, f of f of 12) 
guineas, or j of | of 1\ pounds ? 

33. Beduce 3j + * " | gallons to the fraction of a tun. 

34. Find what fraction 87 lb. 3 oz. 6 dwts. 21 grs. is of 133 lb. 9 os. 

18 dwts. 13 grs. 

35. What fraction of 5 m. 5 fur. 7 poles llff in. is ^ of a league? 

36. What fraction of 6 m. 2 fur. 7 poles U yds. 1 ft 6 in. is ^ of a 
league? 

37. Beduce 14 wks. 6 days 23 hrs. 45 min. 20 sees, to the fraction of a 
year, consisting of 365| days. 
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38. Bednoe ^ 4 of a ton to owts., &;o. ; and «« of £50to £, s. d. 

20 - 

25 

39. Beduce 3 fur. 120 yda. 2 ft. 8 in. to the fraction of 1 mile. 

4a Find the value of ^liLll- ^i2L?t of £270; of 2J x 31 of 9J of 

£721, 178. 6d. ; of (9^ of Iff 4-3,^) x 41 times 140 tons 12 cwt. 1 qr.; 
and 5i times f ~ 3| x ^ x 84 times Q^l, of £972. 

41. Find the difference between i of 1{ of 16 times £8, 178. 6d., and 
(i - f + 2ii) of {i\ X If -T- ^) of £100, and find what fraction this dif- 
ference is of £91, 12s. 8d. 

43. What is the sum of f of a yard f of a foot and f of an inch ? 

43. A man spends J of his money, then ^ of the remainder, and then i of 
what was still left. He finally has £25 in hand ; how much had he at first ? 

44. Out of a cistern | full, 20 gallons are drawn ; 70 gallons are then 
added, and it is found to be f full ; how much does it hold when full? 

45. If (§ + ^) of an estate is worth £1003, 17s. Id., what la the value 
of (t + A) of it? 

46. Add together ?t±M. and M±_?il, and subtract ^ + ^^ 

^ 8i + 3|f 

47. A man has £3000 in hand, having lost a quarter of his property in 
speculation, and purchased a partnership with } of the remainder. What 
was he worth at first? 

48. A man invests ^ of his fortune in land, \ in the funds, ^ in Ex- 
chequer bills, and loses the remaining £2000 in speculation. What was 
his original fortune ? 

49. Simplify the following expression .* — 

[(8|of li X ^ ^ 6l±|±|| X ffU^) + {^of(17 J - 3A 

of 8i) 10 - '- ''- j^^ 

K I8O8 4. 4 J. fi * 

lOlf-Aof 



+ 2A] 



14f -1^x8 times -|i+8±M_ 

50 + 8f " " 

' lOi + 6* 
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DEOIMMi FBAOTIONS, or DECIMALS. 

72* In ezplainizig the theory of ordinary notation, it was stated that 
any digit in the unit's place retained ita imtrinnc value, and that any 
digit to the left of the unit's place acquired a local value which became 
ten timet greater for every place that it was advanced to the left. In the 
same way it may be said that tJie value of a digit became ten timss len 
whenever it woe moved one place farther to the right. 

Thus in the number 7777, the value of 

7 in the thousands* place is 7 x 1000, 
7 „ hundreds' „ 7 x 100, 
7 „ tens' „ 7 X 10, 

7 „ units' „ 7x1, 

and now, continuing the figures to the right, thus, 7777*777, the same 
relation in the values continues ; thus, the value of 

7 in the first place to the right of the units' place is 7 x -^ = ^V) 
7 „ second „ „ „ „ 7 x j^ = xtt» 

7 „ third „ „ „ „ 7 X xjnnr ~ Tinrv^ 

This system of notation, by which we are enabled to 
express values less than unity, is called the Decinial 
System of Notation. 

To indicate the units' figure, a dot is placed on its right, as in the num« 
ber 237-419, where the 7 is the units' figure. Vhis dot is called the 
Dedmal Folntk 

The whole system of Decimal Notation may therefore be indicated 
thus — 

§ 3 s i I s i 

€ S I ^ ^ A € 

&0.4 3 2 1*2 3 4&;o. 

73. Betuming now to the values of the figures on the right of the 
decimal point, it will be observed that each is a fraction having ten, or 
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iofM power* of ten, for its denominator^ although in the decixnal ijBtem 
of notation these denominators are never expressed. 
The f ollo'wing definition is now clear — 

Del A decimal fradion is one whose denominalor — never 
expressed as such — is either ten or some power of ten, 

N.B. L—It is not necessary that there should be any whole nnmben 
in order that a fraction may be expressed in the decimal system : for 
OTM one-hundredth may be expressed thus, *01 ; 
five ten-thousand^ "OOOS. 

N.B. 2.— Decimal Fractions are also called Deeimale, 

74i From observing the following . equivalent values of decimal 
firactionSy 

Bx. 1. -2748 = A + rL + --^ + ^ 



10 100 1000 10000 
(The KCM. of their denominators is 10000), 

.* _ 2000 + 700 + 40 + 8 

10000 
_ 2748 

10000* 
Ex. 2. 23-014 = ?? + -L. + ^ 



1 100 1000 

fThe KCM. of their denominators is 1000), 

. _ 23000 + 10+4 
1000 
_ 23014 

Tooo" 

Ex.8. -00126= "^ ^ ^ ^ ^ 



1000 10000 100000 
(The L.C.M. of their denominators is 100000), 

. _ 100 + 20 + 5 
100000 
_ 125 
100000' 



* A power of a number is found by multiplying that number bv itself 
a certam number of times. When a number is multiplied by itself once^ 
the poroduct is called the second power of that number ; if the number be 
multiplied by itself twioe^ the product is called the third power of that 
number, &c. 
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We 

1st. Thai every finite (see § 76) decimal may be expressed 
as a vulgar fradion which shall have for its numerator the 
significant * fibres of the dedmdl fradion^ and for its denomi- 
nator the denomina^ of the last figure on the right of the 
dedmal, 

2dl7. That this denominator may also he found by writing a 
dpTierfor every figure in the dedmal fraction, and pladng a 1 
before it — 

Thus, •648 = ^^; -0091 = -?i-; 7*01 = 7 A.. 
' 1000 ' 10000 ' 100 

ddly. That any number composed of integers and dedmals 
may be expressed as a vulgar fractum having all the figures 
of the number for its numerator, and the denominator of the 
last dedmal on, the right for its denominalor — 

Thus, 418-0136 = ^}^^ . 
^ 10000 

75. Conversely, Any vulgar fraction having 10 or any 
power of 10 for its denominator may be expressed as a 
dedmal — 

Thus, Ex. 1. Vy' = 74^^ = 74-9 (§ 72). 

Ex. 2. 2||4i == 238^ = 238-49 (§ 72). 

N.6. L — It is evident that the addition of a cipher, or dphen, to the 
right of a decimal does not idter its value — 

Thus, -39 = '390 = '3900 = -39000, &o., 

for -39 = -??- = i?i = -^??2. = 39000 ^ 
100 1000 10000 100000' ' 

which are respectively equal to '39, -390, '3900, '39000, &o. 

* The significant figures of a decimal fraction are those which, taken 
by themselves alone, have some real value — ^thus, in *0309, the figures 
309 are the significant figures. 
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But the addition of every cipher to the right of the significniit figures 
of a decimal fraction {ue, between the significant figures and the decimal 
point), decreases the value of that fraction to one -tenth of itself ; thus — 

•39 =r ^ ; but -039 = -^, t.e. i of — . 
100' 1000' 10 100 

The effect of prefixing and aiBSzing ciphers to decimals is thus exactly 
the opposite of the effect produced by prefixing and affixing ciphers to 
integers. 

N.B. 2. — It is also evident that a decimal, or a number consisting of 
integers and decimals, may be multiplied by moving the decimal point 
one place farther to the right, and may therefore be divided by moving 
it one place farther to the left, thus — 

E,:l. 24-63^10=^^10= j^ (§68) =gi = ^m, 

which result might have been obtained by moving the decimal point one 
place farther to the left 

E,:2. 24-63x10= 5x10= j^(§ 67) = ^= 246-3. 

which result might have been obtained by moving the decimal point one 
place farther to the rig?U, 

B,: 8. -016^10= 3^-1- 10 = j5^„ = 3^ = -OOlft 
EX.4; -016x10= i^ xlO= j^„ = ^ = -16. 

76. It is not posMe to express every vvlgar fraction as a 
dedmaly hit it is possible to find a decimal so nearly equivalent 
to any given wlgwr fraction as to differ from it by less than any 
given quantity, as will hereafter be explained. 

It should, however, be at once understood that — 

1. A Terminate or Finite Decimal is one which exactly 
expresses the value of a given vulgar fraction ; and that — 

2. An Interminate or Infinite Decimal is one which ex- 
presses only the approximate value of a vulgar firaction 
whose exact value cannot be expressed by a decimal. 
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N.B. — ^It must alwayg be remembered that a decimal is a fraotion, the 
difference between a vulgar fraction and a decimal fraction being 

(a.) That the denominator of a decimal fraction is always snppressed, 
whereas the denominator of a vulgar fraction is always expressed ; 

(&.) That while the denominator of a vulgar fraction may be any 
number whatever, integral or fractional, that of a decimal fraction is 
always 10, or some power of 10. 



L Addition and Subtraction of Decimals. 

77. The Bole for Addition and Subtnustion of Decimals, 
and Numbers including Decimals, is essentially the same as 
that for simple addition and subtraction of integers, and 
may be stated as follows — 

BTTLS.— Set down the decimals In a oolumn, care heUjig taken to 
keep tbe decimal pclnts In tlie same vertical line; then add or 
subtract as with common integers, placing the decimal point in the 
same vertical line as the other points. 



1. Add together -304, -00109, -7143826, -00009, 
•0701835. 

FBOOESa. The pboof Ib leen by redacing these fraciioni to 

'304 equivalent ones having a common denominator, 

*00109 which is most easily done by filling np the blank 

' -7143826 spaces with ciphers, thus— 
•00009 

•0701835 '3040000 

— -0010900 

AruweVy 1*0897461 7143826 

•0000900 
•0701836 

Answer, 1*0897461 

Each fraction being now expressed with a denominator of 10,000;000^ 
we may state the question thus— « 
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QnesUon— " ^ml the aum of 3040000 ten-miUumths, 10900 <e»- 
mUliorUJu, 7143826 ten-miUiontha, 900 ten-miUionths^ otui 701835 ten- 
mUUanths." 

Tbe Answer would be found, by Simple Addition, thuA-* 

3040000 ien-miUionths 

10900 ien-miIliontIi8 

7143826 ten-miUionths 

900 ten-millionths 

701835 ten-miUionthfl 



10897461 ten-millionthB = ^^^^^^ = l ^^^ - 1*0897461. Afuwet. 
xvwiwxi««iiuxxiui*iai» 10000000 10000000 **~'*'^» -»'»«'^- 

Ex. 2. Find the mm of 28; 70143, -0096306, 2000104, 
71-36. 

28- N 

7-0143 I 

-0096305 > By Simple Addition. 

2000104 I 

7135 ^ 

2106-4779806, Answer. 

3. Find the difference between 89-63 and 7*81. 

^•81 } ^^ Simple Subtraction. 
81 '82, Answer, 



Exercise 23. 
Notatioii, Addition, and Subtraction of Decimals. 

X. Write down 1 tentli 8 hundredths, 3 hundredths 8 thousandths 8 
ion-thousandths, 4 tenths 1 hundredth 6 thousandths, and find their 
sum. 

3. Express in figures the sum of 3 thousandtiis, 8 hundredths 5 ten- 
thousandths 6 one-hundred-thousandths, 9 tenths 2 hundredths 8 one- 
hundred thousandths, 8 hundredths 3 thousandths 1 ten-thousandth 4 
millionths. 
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3. Express M dedmals— 








(«»•) A; 


17 . 18 . 
100^ 100 9 


8001 
10000 


. 1801 

f 100 


i 


1041 


6 








1000000'^ 


100000000* 




(6.) ^ Of 


4 . S nf 18 . 7 nf 


6 . 
IT 5 } 


18 
21; 


161 
26000* 











T . 88 • 

TTnnr^ 1000000 j 



®' 4000<r > TUTS ^ 



(c.) 181 + 5 hondredthB; 170 + 2 tenths + 3 hundredths + 4 ten- 
thousandths. 

4. Beduce to vulgar fractions — 

(a.) -03; -0451; -25; -005; -000171; '0080307; 71003; -0625; "OOOL 

(6.) 2801; 430002; 71'21625; 30824*6; 1-0625; 1801-4145. 

(c.) ^ of 2-214; tV of 168-145; ^ of 732*45; ^ of 61832; ^ of 
190012; iV of 705-21688. 

(d.) jhf ot 2183-7; T^of 62083-41 ; ^^ of 7382 ; ^of '6; %of 21. 

(«.) 62-41 X 10 ; 6-381 x 100; 7281-66 x 10; 2-139746 x 1000; '006 x 
10000. 

(/.) 839*1082 X 10 X 1000; 10 times '181 x 10000; 20 times 60 times 
6*3814; 25 times 40 x '032565; 60 times 20 times 40 times 250 times 
1*8136491. 

5. Find the sum of the numbers in a, 6, c, d, e, /, respectively, in Ques- 
tion 4 above, and find the difference between their total sum and a 
hundred millions. 

6. Find the value of — 

(a.) 3-01 + 2*68 + -052 + 7*8. 

(6.) 180-6 + 2000043 + 7*89106 + '800617 + 14000*003 + 28810. 

(c.) 20-64 + 18064 + 30-0064 + 7*81064 + '000064 + 81000-415308. 

{d.) 19000-00019 + 208*20808 + 64*39007 + 210860*8000341 + 9*637. 

(e.) (30*81 + 2-791 + '8604 + 100*3) - 20*9063. 

{/.) 2186*0031 - 79*9083; 4100*06 - 26-0071; 200 - 10'416. 

(g.) 1600*0001 - 28 ; 7132*001 - 7106*008093; 25 - '01706. 

{h,) 23*906 + 14*20008 - 23*3192 - 17*010204 + 101*6. 

(i.) 814-21903 - 1007*612 - 203-05566 + 60021918 - 60*1382606. 
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n. Multiplication of Decimals. 

78. The rule for Multiplication of Decimals is founded 
on the same principle as that for Simple Multiplication of 
Integers, and may be stated as follows — 

BULB.— Multiply the given numbers together as if they were 
oommon Integers, and mark off in the product as many decimal 
places as there are In the multiplier and multiplicand together. 

If the number of figures in the product be less than the number of 
decimal places in the multiplier and multiplicand together, ciphers suffi- 
cient to supply the deficiency must be prefixed to the product. (See Ex. 2). 

Ex. 1. Multiply '943 hy -8 {i.e. Find the value o/*943 x -8). 

PBOOBSS. 

There are three decimal places in the multiplicand r ^v.» 

and (me in the multiplier, i.e. four in all; and, since J .^ 

there are also fov/r figures in the product, the whole \ 

product is a decimal. V. -4n«., '7644 

The PBOOF may be demonstrated thus— 

*d43 X '8 = 9^^ y. _8^ __ 943 X 8 __ 
1000 10 1000 X 10 - 
Now, 943 X 8 = 7544. 

But this product must be divided by 1000 x 10, ic; by 10000, where it 
wiU be noticed that there is, and must necessarily be, a cipher for every 
decimal place in the multiplier and multiplicand together, from which it 
foUowB that the result of dividing 7544 by 10000 wiU be to produce a 
decimal oontaining as many places as are found in the multiplier and 
multiplicand together, thus— 

7544 -T- 10000 = ,^ = -7644, Ansvoer. 

Ex. 2. Multiply -001436 ly '0192 (i.e. Find the value of 
•001435 X -0192). 

(•001436 
•0192 
12924 



sary to prefix four ciphers to the product to 
give the ten places of decimals required. 



1436 



An8,t *00002757ia 
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Ex. 3. Find the value of 19*01 x 4*308; and of 71438 x 
•00043. 

4*308 71438 

1901 -00043 



4308 214314 

38772 286752 

4308 



80*71834^ Aniwer. 



81-89608j Answer. 

Exercise 24. 
Multiplication of Deciiiial& 

Find the value of — 

z. 230015 X 5*002; 521801 x -801; 507 x *507; 2020 x -202. 

2. -05 X -0086; 7*2 x "005; 375 x "00009; '8814 x 7 05 ; 1*86 x -015. 

3. -705X-1302; *3108xl-65; 6 -28 x '005; 3840 x -600005; 182 x t)01S. 

4. 6-25 X -016; 625 x -064; 31*25 x -128; -075 x 1-4; 626 x -128. 

5. -025 X 2-56; 4*096 x -0025 ; 1*024 x 2*5; -175 x -08; 1*6384 x •026. 

6. 830*6 X 1*006 x 7*26; 7*25 x 1*206 x •1206; '1905 x 1*905 x 808. 

7. 16005 X t)015006 x 520 x -00052; 908 x 00908 x 3750 x -003104. 

8. 32*014 X -0056; -0182 x 6045 ; 380*1 x -08301; 5*274 x 00146. 

9. 3920 X -5025; -0895 x 3 064; 7509-326 x 86*09; 381*74 x 26*008. 
lo. 80124 X -0176 x -08635 x 1008; 7*308 x 2*405 x -00807 x 60018b 
XI. 83*016 X -612 ; 730*154 x 61*7 x 36*7 x 3*48 x 9*9073 x -00176. 
12. 832009 X -00504 x 6*375 x -01804 ; 7*263 x -02108 X -0000107. 

III. Division of Decimals. 

79. The rule for Division of Decimals, and Nomben 
including Decimals, may be variously stated, but it always 
depends upon the same principle as that for Simple Division 
of Integers. 

The only diflSonlty experienced in performing division with decimals 
is in fixing the position of the decimal point in the quotient. Here it 
wiU be conyenient to remember that there must always be as many decimal 
places in the divisor and quotient together as there are in the dividend aHone, 
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1. Divide 84-7 by -7 (».«. Find the value of 84-7 + -7). 

The AiiBwer = ?^= ?^^^ (§ 69) = ^(S 76) = m. 

Hence the reaaon of the following role^ 

BULB 1.— When the divtdend and the divisor contain the same 
nnmher of dedmal places, proceed as in dlTislon of common integers, 
and the quotient thns found will be expressed in whole numbers. 



2. Divide 23-326 by 2'18 {i.e. Find the value of 23*326 
^ 2-18). 

rpk^ A « ^.* - 23-326 __ jy of 233-26 /« 7K\ - i nf 233-26 _ i ^, 
TheAn«wer= .^^ -I1L___ (§ 75) - ^^ of -^^ - * of 

233-26 X 100 /g KQx _ 1 ^f 23326_ 1 -,^_.rt.^ 
-2:j33^300-(§59)-^of-^g— Aofl07-10 7. 

Hence the reason of the following role— 

BULB 2.— When the dividend contains more decimal places than 
the dlYisor, proceed as in division of common integers, and mark off 
In the quotient as many decimal places as are required to make the 
number of decimal places in the divisor and quotient together equal 
to the number in the dividend alone. 



3. Divide 233-26 hy -218 {i,e. Find the value o/ 233-26 
^ -218). 

rpv^ A«— o, - 233-26 _ 10 time s 23*326 /« »p^ __ ^n x.. ^. 23326 _ 
TheAnswer=-,:^ = ,^ (§ 75) - 10 times -^j- = 

10 times ^g^^^j^^ (§59) = 10timefl^= 10 times 107 = 1070, 

Hence the reason of the following role — 

BULB 3.— When the dividend contains Um decimal places than the 
divisor, proceed as in division of common integers, and add to the 
quotient as many ciphers as there are less decimal places in the 
dividend than in the divisor. 

80. To illustrate the rules more fully, we shall now 
work a few examples. 
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Ex. 1. Dwide 9358*22 by 214. 

214)9358-22(4373 
866 
7^ Here we luive the nine number of deeimal 

642 places in the dividend as in the divisor; the 

. 1562 entire quotient, viz. 4373, will thereftne be 

11^ whole numbers, so that the Answer is 4373. 

642 
642 

Ex. 2. Divide 93*5822 by 21*4. 

21-4) 93*5822 (4-373 
856 
79g In this case we hare four deeimal places in the 

642 dividend and one in the divisor; the quotient 

1562 must therefore contain three decimal places. 

1M_ (See Bule 2). 

642 

642 

Ex. 3. Divide 93582-2 by -214. 

'^U) 93582-2 (437300 
856 
793 In this case the decimal places are two less in 

642 number in the dividend than in the divisor; 

1562 two ciphers are therefore annexed to the quo- 

11^ tient, thus making the Answer 487300. 

642 

642 

Ex. 4. Divide 15*84 by 7-68. 

The method here pursued deserves particular 

notice. The ciphers brought down to enable us 

7*68) 15-84 (2*0625 to obtain the figures 0625 in the quotient are not 

1536^ seen in the dividend, but it will be remembered 

1§9g that the addition of ciphers to the right of a ded- 

• jaoQ 97iaZ does not alter its value, and therefore we 

1536 >^<^7 suppose the dividend to be 15*840000. In 

'^3840 this form it contains six decimal places, and 

8840 therefore, since the divisor contains but two 

decimal places, the quotient must contain 

four. 
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5. ZHvide 6018-315 by 7500. 

It will be seen that we have here divided by 
75 instead of 7500, therefore our quotient will 7500) 6018*315 ('802442 
be 100 times too great. We can remedy this 600 

by moving the decimal point txoo places to the 1|^ 

left in the quotient. 



331 
And since we have four decimal places in ^qq 

the dividend and none in the divisor, we shall g^s' 

require four plaoes in the quotient on this ao- 300 

count: therefore we shall require altogether 150 

tix decimal places in the quotient. ^^ 

An inspection of the dividend and divisor 

wiU often enable the student to determine the position of the decimal 

point in the quotient. Thus, in this example, 6018 -r- 7500 is evidently 

a little less than 1, and therefore the decimal point should be placed on 

the left of the 8, to make *8, &c 



Exercise 25. 
Division of Decimals. 

I. 86•562-^9; 166*67 -f 7; 864*136-^8; 252*03708 -4- 12; •105376-J-13. 
3. -945-7- 2-7; 53 0019-7-8*41,3; 499758^61320; •60104032-7-3*004. 

3. 6188204-^91•003; 1351193-=- -1093; '0216300-7-72100. 

4. -00000068234^*00313; 75*593812 -=-9 '17; -0834082398 -^ '6034. 

5. 21293*4 .^ -625 ; 8249-7-6*25; 7*1013 -r-*00625; 81 -t- -000625. 

6. 81 -01 -> '875; *4134 -=- '0375 ; 61427 -t- '125 ; 190 -j- 12*5. 

7. If 40*550267 be divided by 2*81, what number must be taken from 
the quotient to leave a remainder equal to the sum of 8*6034 and 4*91? 

8. What is that number which, being multiplied by 7, gives a product 
greater by 28*00927 than the product of 2 *103 and 749 ? 

9. What number is that which, when taken from the product of 706*305 
and 28*i01, leaves a remainder which is equal to the sum of 700*43, 
D804919, 48*9168, and the quotient found by dividing 40*008 times 
80*009 by 12? 

81. To reduce a vulgar fraction to a decimal, without 
altering its value. 
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Since a vulgar fraction may have any number for its denominator, 
wliile a decimal has always 10, or some power of 10, for its denominator, 
the point of difficnlty in converting a vulgar fraction into a decimal is to 
find an integral number »ueh that, when mvUiplied by the denominator of 
the given vulgar fraction, the product shaU be 10, or eome power of 10. 

Thus, in reducing | to a decimal, we want to know by what number 
the 5 must be multiplied to make it 10, or sofne power of 10. 
We first try 10 itself, saying, Fivee in 10, two ; and then we have 

4.4x2 /ft59j_ 8 ^ '8 (§74). 



6 6x2'*' 10 

Again, in reducing "A* ^ <^ decimal, we want to know by what integral 
number 16 must be muUipUed to make U 10, or some power of 10. 

We may find this number thus — 

1st. Putting down 10 itself we see that it is not exactly divisible by 
16 ; therefore there is no integ^ number by which 16 can be multiplied 
to give 10 for the product. 

2nd. Raising 10 to the second power by annexing a cipher to it, we see 
that this number, i.e. 100, is not exactly divisible by 16; therefore there 
Is no integral number by which 16 can be multiplied to give 100 for the 
product. 

3rd. Raising 10 to the third power by annexing two ciphers to it, we 
see that this number, i,e. 1000, is not exactly divisible by 16 ; therefore 
there is no integral number by which 16 can be multiplied to give 1000 
for the product. 

4th. Raising 10 to the fourth power by annexing three dphers to it» we 
see that this number, i.e. 10000, is exactly divisible by 16, for 10000-M6 
= 625 ; so that we have 

7 = 721^ = ^ = '4375 (§74). 
16 16 X 625 10000 ''' 

An examination of what we have done leads us to the following eon- 
elusion — 

The significant figures of the decimal fraction equivalent to ^ are 
found by solving the expression — 

(10000-16) X 7. <.e;i52W2i7,i.«,W 

and now, remembering that as fnany ciphers were required as would pro- 
duce a number exactly divisible by 16, we are enabled to lay down the 
following rule — 
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BULB.~To rednce a ynlgar fraotioii to an eqnlyalent dedxnal, 
after redndng the given fraction to its lowest terms, place a decimal 
point after the numerator, and divide the numerator by the denomi- 
nator, setting down for this purpose as many decimal ciphers as 
may he required. The quotient will he the answer, thuft^ 

1. Convert f into a decimal, 

8 I 5-000 

'625, Answer, 

2. Express ^, ^, and tW ^ decimals, 

,g (4 I 7-0000 g. 58 I 60000 

(41 1-7500 I 81 -6250 



'4376^ Answer, *078125, Answer, 



18=,18±2 = 9^.,64{|L9;S 



128 128-T-2 64 



-140625, Answer, 



82. It is sometimes necessary to refer to the rule for 
Division of Decimals in order to determine the position of 
the decimal point, thus — 

Convert -Hi ^ <> decimaL 

512) 313000000000 ('6U33S125, Answerf, 
3072 

580 
512 



680 

512 

X680 ^^^ same' example might have been 

1536 worked as follows : — 

1440 
1024 



4160 gjgj 8 I 39125 




4096 *"^^ 8 1 4-8906-25 

640 t '611328125, Answer. 

512 

1280 
1024_ 

2560 
2560 
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83. If the denominator of the given vulgar fraction be 
10, or some multiple of 10, it may be reduced to a decimal 
as followf 



Ez. Reduce -iff ^ f^ decimoL 

84. If the denominator of a vulgar fraction, when reduced 
to its lowest terms, has other prime fadors than 2 and 5, the 
vulgar fraction cannot be reduced to a decimal which shall 
exactly express its value. 

In § 81 it has been shown that, to reduce a vulgar fraction to an equiva- 
lent decimal, both the numerator and the denominator of the given 
vulgar fraction must be multiplied by such an integral number as wiU 
render the; new numerator exactly divisible by the origintU denominator. 

Now the new numerator is the product of the old numerator x 10 or 
some power of 10 ; 

Therefore, 

Tlie old numerator x 10 or some power of 10 ^ ^ ^j^^j^ ^^^^ ,j^ . 
The old denominator 

But since the vulgar fraction is always reduced to its lowest terms 
before we commence its conversion into a decimal, its old numertUor and 
denominator can have no common foLCtor (§ 64), so that, simplifying the 
above equation, we may say that 

10 or some power of 10 ^ ^ ^^^j^ „^^^^ ,ij , 
The old denommator 

But 10, and every power of 10, can he divided by no prime factor other 
than 2 and 5, so that the old denominator can be divisible by no prime 
factor other than 2 and 5 if the vulgar fraction be reducible to a decimal ; 
and therefore 

" Any vulgar fraction, reduced to its lowest tenns, whose denominator 
contains prim£ factors other than 2 or 5, cannot be reduced to a decimal 
which shaU accurately represent its valu^e.** 

Bence the reason of the following rule— 

RULE.— Hav|n£r reduced the given vulgar fraction to Ita lowest 
terms^ resolve its denominator into its prime fieuitors. If these 
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prime &otor8 be only 2 and 6, the mlgar firaotlon Is rednclble to a 
terminatlxig dedmal ; bnt if any other prime factors be contained in 
the denominator, the vulgar fraction is not reducible to a terml- 
natinc: dedmaL 

86. If the denominator of a vulgar fradvon^ reduced to its 
lowest terms, contains other frime factors than 2 and 5, the 
vulgar fraction may be expressed as a Circulating Decimal, 
where the number of figures in the recurring period witl be less 
than the number in the denominator. 

Ex. 1. Reduce -^to a decimal. 

Here we have a remainder, 5, similar to the 
figure of the numerator, and it is evident that, 
if we now bring down other ciphers, and proceed ^n 50 (*4545 &c 
with the operation, we shall repeat the figures in 44 

the quotient (as is indicated by the dotted figures), ~60 

ad infinitum, ^^ 

Because the figures of such a decimal as this 
occur again and again, the decimal is called a 
repeating^ or recurring, or infiniUj or circvZcUing '^k 

decimal, and to denote the figures which circu* ' f;Q 

late a dot is placed on the first and last figures 
of that part of the decimal ; thus, ^ = 4S. 



60 

44 

"m 



2. Reduce ^P to a decimal. 



7)43(6-142857, &c 
42 



Here we have 7 for a divisor, and the number 

of figures in the recurring period is six, which is ^^ 

the greatest number possible with this divisor; -^ 

for, since every remainder must he leas than the 28 

divisor, the only possible remainders in this case "^ 

are 14_^ 

6, 6, 4, 3, 2, 1, 0. 60 

Of these, the cipher cannot occur, else the decimal -^ 
would not repeat, so that there a/re only six re- 

mainders possible, and, therefore, ^ere can only "^^q 

he six figures in the circulating period, 49 

T 



40 
35 
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The maimer of working the following example deseryei notioe^ 

Ex. 3. Find the value of -001776 -r- -0784 {Matiriculatioii 
Examination, London University, 1871). 

Wa«» .nniTTfi • .ft7JU - •00^776 _ -001776 x 1000000 _ 1776 _ 
Here 001776 ^ 0784 - -,^— - .0734 x lOOOOOO ~ 78400 " 

177 6 -=- 16 - Ul = A of 111 
78400-7-16 4900 100 49* 
The value of ^ may be found thus — 

7 I 111- 

49^ 7 I 16-fen4§ 857142 ^57142 857142 85714*2 867j42 357It3 



{ 



2*265306 122448 979591 836734 693877 551020 408163 
Figures remaining, 1 6 5 4 3 2 1 

Here it wiU be observed that, although there is no remainder at the 
end of the first six figures, the answer does not terminate there, as is 
apparent from oonsidering that the next thing we say is, " Sevent in 
Eight hundred and fifty-teuen tJtousand one hundred and forty-two f 
whereas at the beginning of the decimal we said, " Sevens in Eij^teen 
hundred and fifty-seven thousand one hwndred and forty-two f" and it is 
not tiU we hare had, at the beginning of the period, every remainder less 
than the divisor 7, that the answer is completed, for, having at last the 
remainder 1 at the end of a period, the nexfc thing we say is ** Sevens in 
eighteen hundred and fifty-seven thousand one hundred and forty-two t" 
which is exactly what we said at the beginning of the decimid ; so that 

^ = 2-^5306122448»7959183673469387765102040816§, 
49 

and therefore, 

-1. of yj = •0226530612244897959183673469387755i020^y816S, Answer. 
100 49 

This example may also be worked as follows— 

111 __ 018 

Tint,— Find the value of ^. 49) 100 ( -03^ 

98 

Hence ^ = "02^ : therefore t^ = '04iV 
Hence ^ = '02o4^ : therefore ^ = '0816^1. 
Hence ^ = -02040816^1 : therefore H = '32653b61i|. 
Hence ^ = -0204081632663061^: therefore ^ = '2244d97959183d73}i. 
Hence ^ = '02040816326530612244897969fB3673^| i therefore |f 
= '46938775510204081632653061224489^. 

Hence ^ = •020408163265306122448979591836734e9387765io20l08, flco. 
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We see by inspection that the value of ^ is now complete, for the 
figures of the decimal begin to recur at the 43rd figure. 

Second. — Find the vctlue of\l hy muUiplying the value of-^hy 13. 
Then if = •620408163265306122448979691836734693877561 x 13 
= •^5306122448979591836734693877561020408161 
.•• ^\^ of 2H = Tk of 2-S6630612244897959183673469387756102040816S 
= •02^6530612244897959183673469387765102040816^ Ans. 

86. Circulating Decimals are of two kinds, viz. — 

(1.) Pure Circulating Decimals, le. those which recur 
from the beginning ; 

Thus, -444, &c. ; 232323, &c. ; 040904090409, &c. ; which are reBpec* 
tively written thus, '4; "SS; *640§. 

(2.) Mixed Circulating Decimals, i.e. those which 
do not begin to recur till after a certain number of figures ; 

Thus, •25343434, &c. ; 3425556, &c ; 314200920092009, &c. ; which are 
respectively written thus, *25§4; '342$; •314^00d. 

N.B. — The portion of the decimal which is repeated is called the 
Period or Bepetend, 

87. To reduce a pure circulator to a vulgar fraction. 
Ex. 1. Reduce 't to a vulgar fraction. 

Let X = the value of the given fraction ; 
Then x = '71777 ^ &c > 
.-. 10a; = 7*7777, &c. 
Suhtracting downwards we get 

lor - a; = 7*7777, &o., - •7777, &c., 

t.e. 9a: = 7; 

.'. a; = t, Answer. 

Ex. 2. Reduce 30? to a vulgar fraction. 

Let X = the value of the given fraction ; 
Then x = '307307307, &c. ; 
. •. 1000a: = 307*307307307, &c. ; 
Subtracting downwards we get — 

1000a: - a: = 307*307307, &o. - '307807, &o. ; 
i.e. 999a: = 307 ; 
**. jc = f S{, Antwer, 
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Hence the reason of the following rule — 

RULE.— To reduce a pnre droulator to a vulgar fraction, take tbe 
repetend for a numerator, and, for the denominator, as many nlnei 
as there are flsrores In the repetend. 

88. To reduce a mixed circulating decimal to a vulgar 
fraction. 
Ex. 1. Reduce 0342 to a vulgar fraction. 

Let X = the Talne of the given fraction ; 
Then x = 03424242, &c. ; 
.*. 10000a; = 342*424242, &c. ; 
and lOOc = 3*424242, &c ; 
Suhtracting, we get 
lOOOOx - 100a; = 342*424242, &c - 8*424243, &0. =342 -8; 
♦.e.0900a; = 342- 3 = 339; 

342 — 3 339 

Thereforea;= ^^^ = ^^^ 4n^er. 

Ex. 2. Reduce '537216 to a vulgar fraction. 

Let X = the value of the given fraction ; 
Then x = *637216216216, &c ; 
.-. 1000000a; = 537216*216216216, &c.; 
and 1000a; = 537 '216216216, &c. ; 

Subtracting, we get 
1000000a;-1000a;=537216*216216,&c. -637*216216, &o.= 637216 -637; 
i.e. 999000a; = 537216 - 637 ; 

Therefore a; = ?37|16^ = ^^^ j,r^, 

999000 999000 

Hence the reason of the following rule — 

RULE.~To reduce a mixed droulator to a rulgar fraction, take the 
number expressed by the figures of the decimal which do not recur, 
and take it tsom the number expressed by all the figures of the 
decimal; the difference is the numerator of the required vulgar 
fraction. For the denominator, take a nine for every figure in the 
decimal whldi does recur, and on the right of these nines place a 
cl]»her for every figure in the decimal which does not recur— 

Thus, •0345= 5*2^-? = ^ = il3. 
' 9900 9900 3300 

•537^16 = 537216j- 637 _ 636679 _ 19877 
"" 999000 999000 37000* 



DECIMAL FRACTIONS. 136 

N.B. — ^The role here given may be applied to the redaction of a mixed 
number, consisting of a whole number and a circulating decimal, which 
may be either pure or mixed, thus^* 

9 i7n.<^1fil - 1703164 - 1703 _ 1701461 
^ ^^^^^* - 9090 9990"- 



Exercise 26. 

Beduction of Deciixiais to Vnlgar Fractions, and 
Reduction of Vulgar Fractions to Decimals. 

1. Reduce to vulgar fractions in their lowest denominations— 

•4; -003; -043; -318; -03106; -00091; '71436; -00105. 

2. Reduce to decimals — 

2 . 18 . 1 . 8 . A188 , 601 . 6106 . 27 
T> TTTU f 2 > TU > iOOOOO > 10000000 > 150000000 > 2 5 000' 

3* Reduce to vulgar fractions in their lowest denominations — 
2-3; 40-09; 2000064; 50*31 ; 26*00745 ; 'lOOSOOOSOL 

4. Reduce to decimals^* 

H ; 12f ; 17,^ ; 106iAir i 20^,^ ; IOOOTxt,/^. 

5. Reduce to vulgar fractions in their lowest terms — 

7-4S; 106-0&^ 10-6; 7-&; -&6 ; 30-62 ; 20-5317; 01016 
•5141S; 20-7S; 8136; 200009086; 7030S2; 106-90S0d, 

6. Reduce to decimals — 



«. 4.S1. 8 .17.108. 9_1 . 1 n Ig . 1 4 



16 
TV 



T > TT > inr > voTj" > Tnr >. ts" > ^tui^ > *^fliooo > ■•'idoo > 

If ' 20i ' 5|' 9|' 9 ' 1100' 25^' 9^' 292^' 

24 240 + 60^ + 14-5 813 , i 807 , i^iiso. 
TT2|«' 14 X 226T~ ' 5l2' "^ ' 216' ^^' 

720 + 4704. 
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I. Addition and Subtraction of Oirculating 

Decimals. 

89. Addition and Subtraction of Oireula;ting DedmaLi 

is generally performed by repeating the period as many 
times as seems sufficient to insure the required degree of 
accuracy, thus — 

Ex. 1. Add together 1-7, 3604d, 72-06381, and 1073248, 

the answer to he correct to Jive places of decimals, 

VinTin, &o. Here the decimal is in each case carried out to 

36*0499999, &c. teven places, in order to insure that fivt places of 

72*0638163, &c. the sum shaU be correct. 
1073*248 

11831395939, .'. An^wety 118313959. 

Ex. 2. Find the value of 147*3426 -x, 29 728 correct to eight 
places of decimals. 

147*3426 = 147*3426426426, &o. 
29 726 = 297287287287, &c. 

Subtracting, we have 117*6139139139, r, An8wer, llVeUd, 



II. Multiplication and Division of Circulating 

Decimals. 

90. Multiplication and Division of <}irculating Decimals 
may also be performed by carrying out the repetend, but 
these operations are more usually performed by reducing 
the decimals to vulgar fractions, then multiplying or divid- 
ing as in vulgar fractions, and reducing the results once 
more to decimals. 
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1. MuUijply 2-34 by 5-4. , 

The value of 2-54 x 6-4 =—99— "" ^ - ^ "^ J0 --5^" ^^5§ 

11 s 

t t 

Ex. 2. Midtiply 107 -226 % -OUSi. 
The value of 107-25S x -OlM = 1072^ ^^ ^ 1^ (g gg) = 

2 8 6 IS 

1 00 j 00 _MI0 _ 37297 _^ 1 12997 _ 
^^^ ^^^^^ 24300 24300 



2700 

l-5348559670781893004116226337i 

N.B. — The latter part of the above example furnishes a good illustratioii 
of § 85, Ex. 3, thus— 

12997 ' * 

To expreti ^ ' <w a decimal. 

Here,Jggg?= j^^ = A of 12997 . 



Now, 



24300 243 x 100 100 243 ' 

12997 ^ 12997 . 
243 9x9x3' 



9 I 12997 
«^o< 9J_1444:1 
••• 243 ) 3 i60-|6679012§ 456790123 456790123 



53-485696707 818930041 152263374' 
12 1 

We thus find that ^^- = 53-485596707818930041162263374; 

... J^%r = •5348659670781893004116226337i 
243 X 100 

Ex. 3. Divide 84-332476 by 12-734. 

The value of 84-332476 -^ 12734 = ^^^^^^o^^^ "^S ' 



6616 



X 



im = 6616 ^ gm ^ g.^ 



999000 JW)i 999 W9 
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4. Divide 3414 by 9316. 



The vriBeo£S-4l4-93l2 = ?^^>^ 15^ = ^4- i^» 

~ 000 0;gi0 300 

100 8 



Exercise 27. 
Exercises in Recnrring Decimals. 

1. Find the sum of H, 27*085, 2-6l§, 160*416, 217-643S. 

2. Find the value of 2871 + 4*06676 + 10*ll4S + •00362Si 

3. What number must be added to 41'3ld to make it 71*^4? 

4. How many must be taken from 28*l01§ to leave 9*016^4? 

5. By what number is 16-416S exceeded by 100*4? 

6. Find the difference between 19*106§ and 19*2. 

7. From 29*3 + 'dieS + 100-2§? take 2*819 + 16*S4 + 17*1691. 

8. What number must be added to the sum of 7'd6^, 14*18^4, *S, and 
*746 to make it equal to the difference between *Ol674 and 1974 ? 

9. Find, correct to five places of decimals, the value of 19*34^ x 7; 
213 X 83*61 ; 10*3 x 9*4S; 71 x 3*4 x 60*78; 1*8 x 4725 x 36 x 9*17lo5; 
1802 X 71103 x-46. 

10. Find, correct to seven places of decimals, the value of 17*0l -7-3; 
92 -r 4'St ; 81*91 -7- 7*6 ; 3*B4 -r- 3854 ; 7*14285? ~ 19*6. 

iz. Beduce 2|{ to a decimal form, and 5*S24 to a fractional form. 

12. Beduce to vulgar fractions 3*46, 3*49, and 3*46. 

13. Simplify, correct to ten places of decimals, 

29*314 + *063§ + 19 1601 x 7 08 x -QO^ 83 - 14*6 + i'j . 
27-13-41S ' 81-^2•f ' 30*?46 ' 

4-i^l§ X -65 X 16*72 . 7 x *6§ 1^ + 2^ + 1^-3 2J 
•SoB X -88 X 3*6 * -6181 X 40' 7 x 19*428571 ^ 3' 

14. Find a decimal fraction equivalent to each of the following valaei-<" 

107-2S5 19 ^^5. .^. ^ 7 430*65 
-;^jgj ; 42 ; 234S x 0185 x 6; ^i', 2m^' 
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91. To reduce a given auantity to the decimal of 
another given quantity. 

Ex. 1. Eeduce £4:, 16^. 2^d, to the decimal of £6. 

By § 83 we find that 2 faithin^ = | of ^ penny = } of a penny = '5 of 
a penny; 

^ 2Jd. = 2-5of apenny ;> . 2-5of apenny=?|of asliilUng=-208S.. 
But Is. = 12 pence ; > 12 ^* 

Bat £1 = 208.; > 20 

Wf^j^*t^'^^^'^^'\ .-. £4-81Wl« = ^'T^^ of £6 
Bat £6 = £6 ; 3 o 

= -8017361 of £6, Answer. 
Hence the reason -of the foUowipg rule — 

RULE 1.— Take the term In the lowest denomination of the first 
given quantity, and express it as a decimal of the unit of the next 
higher denomination. To this decimal prefix the whole numbers, if 
any, of this higher denomination which occur in the first given 
quantity, and reduce this mixed number to a decimal of the unit of 
the next higher denomination, and so on, till the first given quantity 
is brought to the decimal of the second given quantity. 

The usual method of working is as follows — 
Ex. 1. Eedttce £A, 16«. 2ld, to the decimal of £6. 
It may here be pointed out — 
1st. That the divisors are 
% because four farthings = 1 penny ; 

12, because twelve pence = 1 shilling ; 4 12' farthings 

20, because twenty shillings = 1 pound ; 12 | 2 '5 pence 

6^ because £6 is the denomination to 20 | 16*268^ shillings 

which the whole is to be reduced. 6 4-8104l6of a pound 



2nd. That the integers (indicated by Anwjer^ *801736l of £6. 
darker figures) express the number of 
units in each denomination of the first 
given quantity. 

When the above rule is impracticable because of the 
occurrence of several terms in the second given quantity, 
the following must be used — 



140 iLRITHMETia 

RULE 2.— Ezpreu tbe first quaatitF as a YvJgta fraotton of tlia 
second (§ 71), and then reduce tills vulvar fraction to a decimal. 

Ex. Reduce 4^. 9^(2. to the dedma} of 7s. 6^ 

02. To reduce a decimal of any given denomination to 
its proper valu^. 

Ex. 1. Find the value qf -8625 of £1. 

'8625 of £ = -8625 of 208. = '86258. x 20. 
By the rule for multipli^tion of decimals, we find the yaloe of 20 
times '86258. thus^ 

-8625 of a shilling 
20 



17*2500 of a shilling = 17 shillingB + -25 of a shilling. 

In a similar manner we have — 

'25 of Is. = -25 of 12d. = •25d. x 12. 

By the rule for multiplication of decimals, we find the value of 12 
times *25d. thus— 

*25 of a penny 
12 



of a penny s 3 pence. 

Therefore the whole value of '8625 of £1 = 17s. 3d., Antieer. 

Hence the reason of the following rule— 

RULE.— Multiply the fiTi^en decimal by the number which ezpresses 
the number of units of the next lower denomination which are 
required to make one unit of the given denomination, and mark off 
in the product as many decimal places as there are In the firiven 
decimal. The figures on the left of the decimal point wUl be integers 
of the lower denomination, and those on the right of it will be 
decimals of that denomination, and the yalue of this decimal will 
be found by a repetition of the former process, thus— 
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EjL t Find the value of -375 of £1 {i.e. of -375). 

N.B.— Since ciphers on the right of a decimal 
'^nn ^*^® ^^ value, they may be cut off ais fast as they 

occur, thus — 



ii 7*500 
12 

d. 6-000 



£•375 

20 



Anstffel', 7b. ed. 12 

d. 6-151 

Ex. 3. Find the Hatue of 17-03 of 2-6 of £1. 

The value of 17-03 of 2*6 of £1 = (17-03 x 2-6) of £1 = £44-27a 

Therefore, £44*278 

20 



■^2 AnsweTi £44, 6s. 6id.+> or, more correctly, 

4 

' f. 2-88 

4. Find the value of 19-2125 of £1, I2s. 6d, 
First method — 

£1, 12s. 6d.= £18 = £1-625. 

.-. l9-2l25of £i, 128. 6d. = 192125 of £1625 = (192125 x 1-625) of £L 

Therefore, £19*2125 

1-625 



960625 
384250 
1152750 



19^^^^ ^ Anncefi £31. 4b. 4-875d. 

£31-220312^ 



20 



B. 4-4062519CI 
12 



d. 4*875iGiC| 

Second method — 

£1, 1^ 6d. =:: 390^. 

Therefore, 19*2125 

390d. « d. 7492-876 

17291250 = 6248. 4-875d. 

676375 « £31, 48. 4*876d., AruwCT, 

d. 7492*8756 
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Third method (founded on the principle of Tractiee^* 
896)- 

19*2125 of £1 = £19-2125 

19*2125 of lOi. = £19*2125 -^ 2 = £ 9*60625 
19-2125 of 2i. 6d. = £9*60625 -S-4 = £ 2*4015625 






••. 19-2125 of £1, 12>. 6d. » £31*2203125 

20 



8.4*40625aa 
12 



d. 4*87500 
Antwer, £81, 48. 4*876d. 

5. Find the value of 2*046 of £h 

Herd it is evident that if the sixes had been 

carried out farther, the " 20 ** in the line of thilUng$ 

would have been "33,** in fact, the "3" would 

£a*046666^&c. have circulated, and the " 840 " in the line of pence 

-R^Tooo^ ^ould have been "999,'» in fact, the "9*» would 
s. 0*9333320 , • i x^j - L v i 

12 have circulated, as may be seen below— 

d.'U-1999840 £2*0466666666 

20 
s. 0*93333;^ = £2, Os. 11-lSd. 

12^ = £2, 08. 11-ad., Answer. 

d. U19999i:'9 

N.B. 1. — W?ien the figure " 9 '* circulates by itself ^ it is usual to omit it^ 
amd €uid 1 to the figure on its left — 
Thus, 7d is called *8; 2*§ is called 3', &o., because 

.7& = ?^^§88)=g=^=.8. 

2*& = 2n§ 87) = 2 + 1 = 3. 
N.B. 2.— In reducing such quantities as that in Ex. 5, it is often pre- 
ferable to reduce the decimal to a vulgar fraction, and then find its value 
by §81. 



614 

s. = 



Iff 

^s. = 40H8. = £2, Os. Hid. 
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Exercise 28. 

1. Beduce the following sums of money to the decimal of £1 — 

128. 6d. ; 10s. 6d. ; 10s. 3d. ; 17s. 8d. ; 16s. 6d. ; IZs. 6d. ; £1, 10s. 8d. ; 
198. 7id. ; 188. 4id. ; £14, 9s. 8d. ; £21, Os. 3d. ; £17, 198. 8|d. 

2. Reduce the following quantities to the decimal of a ton — 

2 cwt. 3 qrs. ; 14 cwt. 1 qr. ; 10 cwt. 1 qr. 14 lbs. ; 13 tons 6 cwt. 7 lbs. ; 
1 ton 13 cwt. ; 17 tons 18 cwt. 3J lbs. ; 17 cwt. 1 qr. 10 lbs. 

3. Express (correct to seven places of decimals) the following fractions 
as decimals— 

£2, 128. 6d. £17, 16s. 9d. jot ^ of £27, Gs. 3 miles 4 fur. 
£5 ' £31, 10s. ' 5 times ^ of £47, 5s. > 1 league ' 
101 yds. 2 ft. 9 in. 17 tons 18 cwt. 4 lbs. 13 lbs. 10 oz. 1 ton 

^ of a degree ' 18 tons 17 cwt. 6 lbs. * Iqr. 14 lbs. 5 oz. * 16 lbs. 4 oz. ' 
2 sq. yds. 10 sq. in. the area of a room 18 ft. by 16^ ft. 
1 sq. pole * the area of a room 101 ft. by 19^ ft.* 

4. What decimal part of £31, 88. 6d. is £19, 12s. 6d.? 

5. 81 gals. 2 qts. 1| pints is what decimal part of 17 gals. 3^ pints? 

6. Find the value of the following expressions — 

£•8; £2-4; £17'375; £625; £100625; £2'8§; £101*375; 19*6 of 8-6 
of £1 ; 71 X 4-8 of £5 ; 901 x 5008 of £600 ; 3^ of 91 8 of £16J ; 175 x 
2-03 of £10, lOs. ; 19 5 of £71, Is. 8d. ; | of ^ of 40 times £8*625; 
2*106 X -2106 X -375 of a ton ; 650102 x '00625 of 1000 guineas ; 77816 
X -03125 X 8000 florins. 

7. Fmd the value of 8*lS of 128. 2id. ; l*fl4285 of 18 days 23 hrs. ; 
81'6§ of 27 a. 2 r. 33 p. ; '054 of 7 times ^ of £8, 58. ; '5 of -27 of 18 
guineas — 158. 6d. 

8. Reduce 18 hrs. 2| mins. to the decimal of 2 wks. 4 days 2 hrs. 
15 mins. 

9. What decimal of 4 lbs. 10 oz. 3 dwt. is 3 lb. 2 oz. 15 dwt. 8 grs. ? 

10. What decimal fraction of a ton must be added to 17 cwt. 3 qrs. 
9 lbs. to make it 18 cwt. 101 lbs. ? 

11. What decimal fraction of itself must be added to nineteen- 
tweniieths of Ij^ tons to make it equal to thirteen -thirtieths of 'X& of 4'd 
of 20 tons Iqr.? 
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12. Reduce 11 toiui 7 cwt. 3 qra. 14 lbs. to the decimal of 5 tons.* 

13. Find the value of -0135 of £25, 10s. 6d. 

14. Find the value of 173*25 yards at 5*25s. per yard. 

15. What length added to { of a mile would amount to *865 of a 
league? 

16. Express as a simple decimal the difference between f of l\ and } 

of A. 

The Metric System. 

93. The advantage possessed by the Metric System oyer 
every other system of weights and measures depends upon 
the fact that it is entirely a decimal system. This advan- 
tage consists chiefly in the following particulars : — 

I. Reduction is not, as in the English system, a long and 
involved process ; it is performed by merely shifting the decimal 
point, as in the following examples — 

Ex. 1. Reduce 19 dekametres 4 metres to metres, 

19 dekametres = (19 x 10) metres = 190 metres 

4 metres = 4 metres 



.'.By addition, 19 dekam. 4 met. = 194 metres, Answer, 
But this result might hate been obtained by the following rule — 
BULE.— To express a given quantity in terms of any unit in the 
table in which that quantity is given :— Write the names of all the 
terms of that table in their proper order, and underneath each term 
place the given nnmber of units. Place a dot (decimal point) after 
the term in which the given quantity is to be expressed. 

Ex. 1. Reduce 19 dekam, i met, to metres. 

Here we first write the terms 
dekam. met, dekam. met., 

19 4* then we place "19" beneath "dekam.," and 

Answer, 194 metres. "4" beneath "met. ;" lastly, we place a dot 

after the " 4," and we have the 

Answer, 194 metres. 

* The following exercises are taken from Various examination papers. 
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Ex. 2. Reduce 10 kilograms 7 dekagrams 6 grams 3 ded- 
grams to grams. 

Here the dot is placed after the 

"6," because the given quantity is 

kilog. heotog. dekag. gr. decig. to be reduced to "grams.** It should 

10 7 6 ' 3 be noticed also that a cipher is in- 

Answety 10076*3. serted in the place of " hectograms," 

because there are no hectograms in 
the given quantity. 

The reason of the above rule may perhaps be best ex- 
plained by an example, thus— 

Ex. 3. Reduce 9 dekam, 4 met, 6 decim, to metres* 

May be also set thus — 
Reduce 9 dekam, 4 met, 6 decim, to the decimal of 1 met, 

A metre being the unit, it is evident that a *' 4 *' being put in the place 
of units will express 4 met., and therefore the decimal point must be 
put after '* metres*' in the given quantity; and, a dekam. being ten 
metres, a "9** in the place of tens will express 9 dekam. Also, a decim. 
being one-tenth of a metre, a '*6** in the place of tenths will express 6^ 
decim. 

II. The operations known as the Compound Rules are re- 
duced to Simple Rules, as in the following examples — 

Ex. 4. Multiply 6 dekam, 4 met, 3 decim, % 91, and ^ 
press the answer in moires, 

6 dekam. 4 met. 3 decim. = 64*3 met. 

91 

"643 

6787 



Antwerp 6861'3 met. 

5. How many times is 7 met, 3 decim, contained in 5 
Mlom, 9 hectom, 4 dekam, 2 met, 2 dedm, ? 

5 kilom. 9 hectom. 4 dekam. 2 met. 2 decim. __ 59422 decim. __ g^^ 
7 met. 3 decim. 73 decim. 

Answer, 814 times. 
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Ex. 6. What is the weight of air in a room 5 metres long S 
metres wide and i metres high, if 1 cubic decimetre of air weighs 
•0018 kilogrammes ? 

The cubic content of the room = 5 met. x 3 met. x 4 met. 

= 60 cub. met. = 60000 cub. decim. 
Now 1 cub. decim. of air weighs "0018 kilog. 
Therefore, 60000 cub. decim. of air weigh '0018 kilog. x 60000 » 

108Ulog., Antwcr. 

Ex. 7. A *'flo7'in" being ^ of a £, a "cent^* j^ of a X, 

and a ^^mill" ^^ ^f ^ A exjpress £13, 125. 7^d, in £,fL, 

c.| and m. 

Bj § 91, £13, 12s. 7id. = £13-63126 

= £13 6 fl. 3 C. 1*25X11., Answer. 

Exercise 29. 
Exercises in the Metric System. 

1. Add together 6 dekam. 4 met. 3 decim. ; 8 met. 4 decim. 9 centim. ; 
and 21 kilom. 3 hectom. 2 dekam. 7 met. 1 decim. 1 centim. 

2. Find the sum of 21 myriam. 6 kilom. 3 met. 4 decim. ; 17 myriam. 
3 kilom. 8 hectom. 5 dekam. 3 met. 9 centim. ; 17 met. 6 dedm. ; and 
21 hectom. 6 dekam. 3 decim. 9 centim. 1 millim. 

3. How many centim. are equivalent to the sum of 4 met. 6 decim. ; 

2 hectom. 6 dekam. 8 met. 19 centim. ; and 38 dekam. 2 met. ? 

4. What is the sum of the following areas : — 28 hectar. 7 ar. 2 deciar. ; 

3 ar. 9 deciar. ; 17 hectar. 9 dekar. 8 ar. 31 centiar. ; 101 ar. 18 centiar. ? 

5. By how many centigrams does 43 kilog. 8 hectog. 3 dekag. 6 gr. 
exceed 21 kilog. 7 hectog. 2 dekag. 8 gr. ? 

6. What weight must be added to 101 kilog. 6 hectog. 4 dekag. 31 
centig. to make it equal to 200 myriag. 3 hectog. 6 gr. 7 decig. ? 

7. Find the difference between 10 dekag. 6 gr. 8 centig. and the sum of 
9 gr. 21 centig. ; 18 gr. 3 decig. 4 centig. 7 millig. ; and 3 gr. 109 millig. 

8. Multiply 61 dekast. 8 st. 31 centist. by 1801. 

9. If 14 dekast. 3 st. be multiplied by 1725, and the product be reduced 
by 7 times 19 dekast. 8 st., what must be taken from the difference to 
leave a remainder of 1025 st. ? 
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la How many times most 3 lit. 4 decil. be taken from 2125 eentil. to 
leave 11 lit. 5 eentil. ? 

II. From what quantity mast *291226 of a lit. be taken to leave a 
quantity equal to 6*043 times 200*018 lit. ? 

13. A regiment of 8400 men was provided with beer* If 73 "28 of a declL 
was lost by leakage, how much was each man's portion, supposing that 
the total amount supplied to the regiment was 530 kilol. ? 

13. How many bottles of wine, each containing 220*11 centiL, were 
exported from a vineyard which produced altogether 18 kiloL, of which 
however 3735*912 dedL were lost by an accident? 



Exercise 30. 
Miscellaneons Exercises in Decimal Fractions. * 

I. Multiply 7*686 by '0084, and divide the product by '00036. 

3. Reduce 118*37 feet (1) to the decimal of a mile, (2) to the decimal of 
a furlong, and (3) to the decimal of a yard. 

3. The population of England and Wales in 1861 was 20061725, and the 
area 58320 sq. miles. Find as far as three places of decimals the average 
number of persons living in a square mile. 

4. Find the value of £3*89375, in £ s. d. ; and reduce 19 cwt. 1 qr. 
24 lb. 8 oz. to the decimal of 1 ton. 

5. Multiply 70*048 by 3*23, and 207 by 3105; add the products 
together, and take away ^ of 98*04717 ; what is the result ? 

6. Divide 4900 by '07; multiply the quotient by *63 and divide by 
*049 ; what is the result? 

7. Divide 3 5 by '007, and multiply the result by *0049 and then by '02, 

8. Reduce 3 qrs. 21 lb. to the decimal of a ton. 

9. Find the sum of 81*7 at £4, 10s. Sid., 519*6 at £17*28, and 327*4 at 
£*68, each. 

10. If 1 metre (= 39*3708 English inches) he the ten-millionth part of 
a quadrant of a meridian, how many miles are there in a meridian ? 

II. Reduce 3f, 23^, 5^-, 14^^ m to decimals, and add together the 
results. 



* These Exercises are taken in great measure from Examination Papeiv. 
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12. Reduce £116, 17i. Cd. to the form of a decimal of £1, and multiply 
the result by 1*4^. 

13. Find the sum of 7168 x 36*96 and 23892*128 -^ 3*25. 

14. Multiply 5-384 by '00723; 20*7 by 600; -072 by 60*34; add the 
results together ; take ^ of *462 from the sum, and what will then remain ? 

15. Divide 600 by '26, the quotient by '025, and the seoond quotient 
by 60 ; what is the result? 

16. Divide 7 -619 by '0019, and multiply the quotient by ^ of *00011569. 

17. Reduce *5 of 16fl. 4}d. to the decimal of £1, 98. lOi^d. 

18. What decimal multiplied by 125 will give the sum of |, ^, |, 
•09375, and 2*46? 

19. Reduce 14 gallons 2 quarts to the decimal of a barrel ; and 1 mis. 
2| seconds to the decimal of ^ of a lunar month. 

20. Add together, 16*05, sii 2*0d, 18*01375. 
SI. Find the value of 0*296 of 8 owt. 3 qrs. 20 lb. 

22. Multiply 0*178 by |;||. 

23. Divide 7657 by *0019 and multiply the quotient by f of -0008568 ; 
and find the value of .^^ of ?= of '0009747. 

24. Find the value of 39*39 x 7878 ; 237*07 x 4*567 ; 55*6591 -r- 1813 
230-5- *016; 140*02564-M*871 ; 406*8 — 018; 3*12 x 2*001; *01-*-'00001 
•1872 -r *0312; 75 of £52, 6s. 8d. ; *525 of £366, 6s. 8d. ; '312 x '20001 
•1 -7- *000001 ; 1872 ~ *312. 

25. Simplify 
•315 X *0315 -213 x '612 *064 + 12*4 + '006 '0001 + 7*6 + '4 318 



f 



•013 -0021 ' -02 ' •S ' •47? 

69*2374 -^ 46-7238§64 ,^ ^, 153546*12 1535*4612 
12-5 xw^o, j.g^ jgog^ 

26. When the oz. of gold costs £3*89, what is the cost of *04 lb. ? 

27. The circumference of a circle is 3*14159 times its diameter. Find 
the circumference of circles whose diameters measure 13*7 feet, 1'96 yds., 
and 28*342 miles, respectively. 

28. Find the product of the sum and difference of 21*8 and '324. 

29. What is the difference between the fifteenth and sixteenth parts of 
297*6832? 

30. What decimal of £1, is 17s. 9|d. ? How much greater or less is it 
than *78965 of £1 ? 
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31. Beduce |i to a decimal, and 0*19712 to a vulgar fraction. 

32. Find what decimal 10 lb. 8 oz. 16 dwts. 13 grs. is of 17 lb. 4 oz. 
6 dwts. 16 gm. 

33. Divide the difference of 487*26 and 51*85 by 20*9, and multiply the 
quotient by 0*192. 

34. Find the value of £*00394876 -f- 1*76. 

. a- T*„ 3*471 X 150 61 2-013 x '2 6 ^^^ ^,^ 18-93978 

35. Simplify jj ; ~ ; -0066 x 018; — ^j^; 

4*4 -00084 2*184 x *039 70 - 616 30 + 4*15 + 7 ^^^ 



•00011' -014 ' -0016 • -005 ' 3 

(358-8261 + 167-2177) x (167*2177-^358*8261) . *012 -001 

463-2326 ' -005 "^ 1 x '01 x 100' 

36. Find the value of 30126 of 5s. 4id., and df 7*18 of 6 oz. 15 dwts. 
17gr. 

37. A " florin " being £^, a " cent " £^y ^d k " mill *' &y^, express 
the following sums in £, fl., c, and m. :— £18, 12s. 6Jd. ; £12, 7b. 4|d. ; 
£32, 16s. 5^d. ; £6, 14s. 2^. 

38. Find the difference between \ ^{ ]2?! and | x (H - tW "^ 
(•72 + ^h)' ^^ 

39. What must be added to -356 of £2, 17s. lOd. to make up ^| of 
£8, 19s. 7id? 

40. Find the cost of covering a roof with lead at 18s. per cwt., on the 
following data : — ^the length of the roof is 43 feet, breadth 32 feet ; the 
guttering is 67 feet long, and 2 feet wide ; the former requires lead at 
9*831 lbs., and the latter at 7*373 lbs. to the square foot. 

41. Divide the sum of (11^^ - -35) -7- ('05 - v^) and y^ + 6007 by 
the difference of f (1*36 - *72) and 5*0004, and express the result as a 
decimal. 

42. A cubic inch of water weighs 252*458 grains, and the weight of an 
imperial gallon of water is 10 lb. avoirdupois. Find (to three places of 
decimals) the number of cubic inches in an imperial gallon, there being 
7000 grains in the lb. avoirdupois. 

43. Multiply I of -176 by -^85714, and divide the result by *00426. 
„, ,.^ 1 2-25 3-625 •fl428S 3 - 2-§ 

44. Simplify-- — + ^2" +47^85 + 1^3^ 

45. What is the cost of *§ of 2*25 mile of paving at 3d. a yard? 

46. If -^1428$ of a stack of hay is worth £19, what is the value of seTen 
■\ich stacks? 
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47. Find the lam, difference, and ph>daet of 86'25 and 99^026, tncl 
diride the tnm of the three reanlte by 6'25. 

48. Simplifj 

(!•) IT «f (-OOCIZ - -OteSg) + 119 X -007 

•17 X 17 
(2.) (15C877439641S + 28-0093 + 23-3100081) -i- 22*817. 

(3.) [(28 X 6-09 - 31-206 -5- 7 + ^igl-oil - 5 time* 331474338 + f) 

of 2i] -i- ^ 3 (81 X 6-3 - 6072S - 16) + (15 + 45 + -035) x "071 + 
5-168501S y. 

49. Find what decimal mnltiplied by 8750 will give the snm of 17*5, 
T^T of 86, tIt of 1801, and 96*812. 

50. What number is that which being reduced by 218*01961 gives a 
remainder one thoiuand and eleven timte greater than the product of 
413-64 and 2-73? 

51. it (814-0416 X 2*072 + 2*983848 + 22*318 + 37 00176 + 300*68124 
- 49-62). 

PRAOTIOE. 

94. Practice is a compendious method of finding the 
value of a number of articles when the value of a unit of 
any denomination is given. 

ThuB, we may find by this rule the cost 6f 196 tonA of sugar at £3, lOs. 
per ton ; of 17 sq. yds. of carpet at 3s. 6d. per sq. f t. ; of 12 tons of coal 
at Is. 8d. per cwt., &o. 

K.B. 1.— It is evident that all the results obtained by Practice may 
also be found by Compound Multiplication, but the former rule has the 
advantage of arriving at these results by shorter methods. 

K.B. 2. — Practice is so called because its methods, being generally 
shorter and easier than those of Compound Multiplication, are usually 
employed in actual practice to find the cost of goods. 

95. Def. An aliquot part (t.e. a fractional part) of a 
number is a part which is contained in that number an 
exact number of times. 

Thus— 4 JB an aliquot part of 20, because it is contained in 20 an exact 
number of times. 
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K.B. — ^Beoanse, in oaloolating the prices of artioles by practice, we 
use aliquot parts, it is sometimes said that ** Practice is the rule by which 
the vcUiie of articles is found by means of fractionaZf or aliquot, parts J** 

96. Practice is divisible into two cases, Simple Practice 
and Compound Practice. 

I. SIMPLE PRACTICE is the case in which the given 
number is expressed in the same denomination as the unit 
whose value is given. 

Thus—'* To find the cost of 19 tons of coal at 17s, 6d, per ton,** is a sum 
in Simple Practice. 

Ex. 1. Find the cost of 324 articles at I65. S^d. each. 

£324 = the cost of 324 articles at £1 each. 

Therefore, 

The cost of 324 articles at 10s. each = i their cost at £1 each = £162 

Their cost at 5s. each = } their cost at 10s. each = 81 

Their cost at Is. 3d. each = | their cost at 5s. each = 20 5 

Their cost at 5d. each = ) their cost at Is. 3d. each = 6 15 

Their cost at }d. each = ^ their cost at 5d. each = 13 6 

Therefore, by adding up the vertical columns, we have 

Their cost at 16s. 8jd. each = £270 13 6 

The usual form of writing the process is as follows — 
lOs. = J of £1. 

5s. = ^ of 10s. 
1b. 3d. = I of 5s. 
5d. = i of Is. 3d. 
Jd. = ^ of 5d. 

Therefore, £270 13 6 = the cost at 16s. S^d. each. 

Ansv>er, £270, 13s. 6d. 

K.B. — In taking the aliquot parts, a little judgment should be exer- 
oised to prevent an awkward quantity from remaining at last — e,g,, we 
might have taken the aliquot parts in the above example thus — 

10s. = J of £1. 
68. 8d. = i of £1. 





£324 =the cost at £1 each. 


£162 


= the cost at 10s. each. 


81 


= the cost at 5s. each. 


20 6 


= the cost at Is. 3d. each. 


6 15 


= the cost at 5d. each. 


13 


6 = the cost at ^d. each. 
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We should now haye had Jd. to oalcidate for. Bat Jd. if ^ of Cb. 8d., 

■o that we should have been compelled to divide "the cost at 6e. Sd." by 

160 to find **the cost at |d." This would have been a comparatively 

awkward operation, and it will be found better to avoid such remainders 

when it is possible to do so. When a remainder of this kind does occur, 

however, it is sometimes easier to make a separate caleulati(m for it» 

thus— 

324 articles at Jd. each = 162 pence = 13b. 6d. 

2. Find the cost of 750 cows at £14, I85. lOf A each. 



Therefore, 



The cost of 750 cows at £1 each = £750. 

£750 
14 



£10500 = cost of the cows at £14 each. 



10s. 
6s. 8d. 
2s. 
2d. 
id. 
id. 



iof£l. 
i of £1. 
^ of 10s. 
^7 of 2b. 
I of 2d. 



375 = cost of the cows at 
250 = cost of the cows at 
75 = cost of the cows at 
6, 5s. Od. = cost of the cows at 
1, Us. 3d. = cost of the cows at 
15s. 7id. = cost of the cows at 



10s. each, 
6s. 8d. each. 
2s. Od. each. 
2d. each, 
^d. each. 
|d. each. 



Answer, £11208, ll8.10.id. =cost of cows at £14, 188. lOJd. each. 

3. Find the cost 0/ 196|- cwL at X3, 75. Qd, per cwt. 

The cost of 196i cwt. at £1 per cwt. =5 £196^ = £196, 16s. Sd. 



Therefore, 



58. = i of £1. 
2b. 6d. = i of 5s. 

Answer, 



£ s. d. 

196 16 8 = the cost at £1 per cwt. 
3 



590 10 = the cost at £3 per cwt. 
49 4 2 = the cost at 5b. per cwt. 
24 12 1 = the cost at 2s. 6d. per cwt. 



£664 6 3 = the cost at £3 7 6 per cwt. 



N.B. 1.— The above is the most expeditious method of finding the 
answer, which, however, might have been obtained as follows — 

Since 196 cwt. will cost 196 times £3, 7s. 6d., 
and f cwt. will cost | of £3, 7s. 6d., 

it follows that 196| cwt. will cost 196 times £3, 7s. 6d. + f of £3, 7s. 6d. 
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Kow, 196 times £1 = £196. 
Therefore, £196 



£588 


= cost of 196 cwt. at 




£3 per cwt. 


49 




= cost of 196 cwt. 


at 


6s. per cwt. 


24, 


10s. Od. 


— cost of 196 cwt. 


at 


2s. 6d. per cwt. 



58. = iof£l. 
28. 6d. = ^ of 5s. 

£661, 10s. Od. = cost of 196 cwt. at £3, Ts. 6d. per cwt. 
( of £3, 78. 6d. = £2, 16s. 3d. = cost of f cwt. at £3, 7s. 6d. per cwt. 

Answer y £664, 68. 3d. = cost of 196f cwt. at £3, Ts. 6d. per cwt. 

N.R % — ^There is another method of finding the value of a nmnher of 
articles when the given price of one is less than £1, thus— 

Ex. 4. Find the cost of 186 articles at Ts, 3J(?. each. 

The cost of 186 articles at Is. each = 186s. = £9, 6s. 
Therefore we say, 

£9, 6s. Od. = the cost at Is. each. 

7 



£65, 2s. Od. 


= the cost at 7s. each. 


2, 6s. 6d. 


= the cost at 3d. each. 


7s. 9d. 


= the cost at Jd. each. 



3d. = I of Is. 
Jd. = J of 3d. 

Answer^ £67, 16s. 3d. = the cost ^'t 7s. 3^d. each. 

N.B. 3. — ^The method pursued in the following example differs fmm 
that adopted in the preceding examples, in that the answer is found 
partly hy subtraction — 



Ex. 5. Find the cost of 39 articles at £6, 18s. 4e^. each, 

11 the given price of pne had been Is. 8d. greater, it would have been 
just £7. Henoe the reason of the following process — 

£39 = cost at £1 each. 
7 



Therefore, 
li. 8d. = ^ of £1. 

Subtracting, 



£273 = cost at £7 each. 

3, 5s. Od. = cost at Is. 8d. each. 



£269, 16s. Od. = cost at £6, IBs. 4d. each. 
Aiiswtr^ £269, 16s. Od. 
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11. COMPOUND PRACTICE ig that case of Practice 
in which the given number is not wholly (sometimes not at 
all) expressed in the same denomination as the unit whose 
value is given. 

Thus, to find the cost of 19 ions 17 cwt. 2 qn. of coal at lOJd. per cwt., 
and of 34 btish. of potatoes at Is. S^d. per peck, are examples in Com- 
ponnd Practice. 



1. Find the cost of 196 yards of doth at 8s. d^d. per foot 

Since 3 feet = 1 yard, we have 

88. 9|d. per ft. = 3 (8s. 9jd.) per yd. = £1, Cs. Hd. per yard. 
Therefore, 

5s. = J of £1. 
Is. 3d. = i of 5s. 
lid. = ^ of Is. 3d. 

AnatocTf £208^ 98. 6d. = the cost at £1, 6s. ^d. per yard. 



£196 






= the cost at £1 


per yard. 


49 






= the cost at 


5s. per yard. 


12, 


5s. 


Od. 


= the cost at 


Is. 3d. per yard. 


1, 


4s. 6d. 


= the cost at 


l^d. per yard. 



2. Find the cost of 23 tons 17 cwL 3 qrs. 14 lb, at £20, 
125. 6d. per ton. 

Here £20, 12s. 6d. is the cost of 1 ton. 

Therefore, £20, 128. 6d. = the cost of 1 ton. 

23 



} 
} 
} 

lqr.=Aof2) 
cwt. 2 qrs. > 

14 lbs. = i of 
1 qr. 



10 cwt. = J of 
1 ton. 

5 cwt. = i of 
10 cwt. 

2cwt.2qrs.=> 
i of 5 cwt. 



} 



£474, 78. 6d. = the cost of 23 tons. 


10, 68. 3d. = the cost of 


10 cwt. 


5, 3s. IJd. = the cost of 


5 cwt. 


2, lis. 6|d. = the cost of 


2 cwt. 2 qrs. 


5s. l^d. = the cost of 


Iqr. 


2s. 6^(1. = the cost of 


141b. 



Answer, £492, 168. 2^^ = the cost of 23 tons 17 cwt. 3 qrs. 14 lb. 
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The above example might also have been worked thus — 

£23 = the cost of 23 tons at £1 per ton. 
20 



10s. = J of £1. 

28.6d.=|ofl0s. 

10cwt.=J of 
1 ton. 

5 cwt. = J of 
lOcwt. 

2cwt.2qrs.= ) 
J of 5 cwt. j 

Iqr.=^tf0f2) 
cwt. 2 qrs. J 

14 lb. = i of 
1 qr. 



} 



£460 = the cost of 23 tons at £20 


per ton. 


11, 10s. Od. = the cost of 23 tons at 10s. Od. per ton. 


2, 17s. 6d. = the cost of 23 tons at 2s. 6d. per ton. 


10, 6s. 3d. = the cost of 
5, 3s. l^d. = the co^t of 


10cwt.at£20,12s.6d. 
per ton. 

5cWt. 


2, lis. 6jd. = the cost of 


2 cwt. 2 qrs. 


5s. l|d. = the cost of 


1 qr. 


28. 61td. = the cost of 


141b. 



' i at £20, 128. 6d. per ton. 



3. Find the cost 
sq, yds, 5 sq. ft. 108 sq. 
sq. ft. 



of carpeting a room which contains 76 
in,, with carpet which is 35. 9Jc?. per 



Here 3s. 9 jd. per sq. ft. = 3s. 9^d. x 9, %.e. £1, 14s. IJd. per sq. yd. 

Therefore, 

£1, 148. 1 jd. = the cost of 1 sq. yd. 

12 



£20, 9s. 6d. 
6 



= the cost of 12 sq. yds. 



8 aq. ft. =: i of 1 sq. yd. 
1 sq. f t. = i of 3 sq. ft. 



72 sq. in. 
36 8q. in. 



i of 1 sq. ft. 
i of 72 sq. in. 



£122, 17s. 


Od. 


= the cost of 72 sq. yds. 


6, 16s. 


6d. 


9= the cost of 4 sq. yds. 


lis. 


4id. 


= the cost of 3 sq. ft. 


3s. 


9^d. 


= the cost of 1 sq. ft. 


3s. 


9^d. 


= the cost of 1 sq. ft. 


Is. 


lOid. 


= the cost of 72 sq. in. 




llfd. 


= the cost of 36 sq. in. 



^nwcer.l^^'l*-"**-" 



the cost of 76 iq. yds. 6 
■q. ft. 108 sq. In. 



]56 



ARTTHMFnC. 



Ex. 4. fFTiai is (he rent of 23 acres 3 roods 16 poles ai ^ 
guineas per acre f 

Here, 2| guineas = £2,2L+10k6d.=£2, 12k.6d. 

Therefore, 

£2, 12t. 6d. = rent of 1 Mre. 
23 



2 roods= I of 1 acre. 
Irood =|of2rooda. 
10polet = |of Irood. 
6 poles = I of lOpoles. 
Ipole = I of 5 poles. 

Answer, £62,121.1^0. = rent of 23 acres 8 lOOdB 16 p(fles. 



£60, 7s.6cL =rentof23 


acres. 


1, 6s. 3<L =■ rent of 


2rDods. 


13k. l|cL = rent of 


lltKKL 


ds. 3|cL = rent of 


10 poles. 


Is. 71id. = rent of 


6 poles. 


3H^ = rent of 


Ipole. 



5. Find the weight of 56 sacks of wheat, each sack 
weighing 1 cwt, 2 grs. 23 lb. 

Here 56 sacks of wheat, each weighing 1 cwt, weigh 56 cwt. 

Therefore^ 

56 c#t. = the weight a^l cwt. to the sack. 

28 cwt. = the weight at 2 qrs. 

7 cwt. =± the weight at 14 lb. 

3 cwt. 2 qrs. = the weight at 7 lb. 

1 cwt. = the weight at 2 lb. 



2 qrs. = I of 1 cwt. 
14 lb. = I of 2 qrs. 
71b. = J of 14 lb. 
21b. = I of 14 lb. 



Antwer. 



.{ 



95 cwt. 2 qn. = the weight at 1 cwt. 2 qn. 23 lb. 

to the sack. 



6. A bankrupt owes £5509^ 7s. Qd., and pays Ss, id. in 
the £, whcU is the value of his assets ? 

If he paid 20s. in the £, his assets wonld be worth £5509, 78. 6d. 

£5509, 7s. 6d. = assets when 20s. are paid in £. 



68. 8d. = io^£l. 
is. 8d. =iofd8.8d. 



£1^, 08. 2d. = assets when 6s. 8d. is paid in £. 
45^, 2b. 3jd. = assets when Is. 8d. is paid in £. 



Answer, £2296, lis. 6^ = assets when 88. 4d. is paid in £. 
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Exercise 31. 



Exercises in Pragticf^, 



X. Find the cost of — 



(1.) 28 articles at 10s. each. 




(4.) 92 articles at 5s. each. 


(2.) 36 


58. „ 




(5.) 108 „ 


2s. 6d. ,, 


(3.) 101 „ 


48. „ 




(6.) 222 „ 


6s. 8d. ,, 


(7.) 44 articles at £2, lOs. 


each. 


(14.) 725 articles at £13, 4s. eacl 


(8.) 68 „ 


£6, 58. 




(15.) 810 


£12, 2s. „ 


(9.) 805 „ 


£10, 4s. 




(16.) 7132 „ 


£18, 2s. 6d. „ 


(10.) 723 „ 


£3, 68. 8d. 




(17.) 482 „ 


£15, 5s. 


(11.) 648 „ 


£8, 2s. Od. 




(18.) 752 „ 


£19, 10s. „ 


(12.) 492 „ 


£9, 3s. 4d. 




(19.) 10185 „ 


£13, 4s. 


(13.) 2304 „ 


£1, Is. 8d. 




(20.) 284 „ 


£17, 28. 6d. „ 



(21.) 16 articles at £2, Is. 3d. each. 
(22.) 2412 „ £17, Is. 8d. 
(23.) 690 „ £10, Is. 4d. 
(24.) 288 „ £9, Os. lOd. 
(25.) 48096 „ £18, Os. 5d. 



** 



** 



)> 



a 



(26. ) 930 articles at £81, Os. 8d. each. 
(27.) 96080 „ £17, Os. 3d. 
(28.) 19615 „ £23, Is. 4d. 
(29.) 3201616 „ £10, Is. 3d. „ 
(30.) 7202496 „ £71, Os. lOd. „ 



)* 
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2. Determine the cost of — 

(1.) 42 articles at £2, 15s. each. 
(2.) 96 „ £18, 16s. 8d. „ 
(3.) 486 „ £7, 13s. 4d. „ 
(4.) 820 „ £3, 19s. 
(5.) 228 „ £7, 148. 6d. „ 
(6.) 814 „ £16, 158. lOd. „ 



(13.) 160 articles at 17s. 6d. each. 



(14.) 280 
(15.) 420 
(16.) 88 
(17.) 968 
(18.) 724 



ft 



»> 



»» 



»» 



)» 



13s. 4d. 
19s. 6d. 
5s. 8d. 
lOs. O^d. 
16s. lOJd. 



(7.) 85 articles at £7, 168. 9d. each. 

(8.) 103 „ £17, lis. 6d. „ 

(9.) 415 „ £3, 18s. 4d. „ 

(10.) 221 „ £19, 19s. 4d. „ 

(11.) 712 „ £13, 178. 

(12.) 540 „ £15, 13s. 6d. „ 



(19.) 74 articles at lis. 8jd. each. 



(20.) 901 
(21.) 251 
(22.) 829 
(23.) 713 
(24.) 217 



*) 



9* 



>» 



>» 



»> 



138. 9id. 
12s. IH 
15s. Bid, 
9s. 0|d. 
3b. lljd. 



153 ARTTHMEna 

(25. ) 101 articles at £21, 16iL lOid. mlI-SS.) 1091 wtid«ai £100, IAl Sd. c& 



126.) 712 „ £^, 19i.Ud. „ 

(27 J 285 „ £312, 17a. 2id. „ 

(28.. 643 „ £80, la.2^d. „ 

(29.) 171 „ £17, 4«.6i<L „ 

(30.) 876 „ £18,161.4^ 



99 



31)28^ „ £3,12L0id. „ 

35l)7145 „ £20, 15a. lid. „ 

(3&)700 „ £801,3k6}d.„ 

37.) 528 „ £38, 17a. 7id. „ 

(38.) 191 „ £191,19B.10id.M 

(31.) 371 „ £342, 19t. 7|d. „ (39.) 275 „ £101, Oi. 8id. „ 

(32.) 756 „ £47, 16a. 5d. „ (40.) 707 „ £70, 7a. S^d. „ 

(41.) 84 articlea at 2a. 3id. each. (46.) 243 articlea at £1, 17a. S^d. aa. 
(42.) 104 „ £1, 10a. 7id. „ (47.) 549 „ £10, 13a. 8|d. „ 
(43.) 725 „ £3, 19a. 9id. „ (4a) 2282 „ £5, 9l 5fd. „ 
(44.) 1484 „ £13, 16a. 8fd. „ :(49.) 7281 „ £6,4a.9fd. „ 
(45.) 209 „ £4, 10s. OH<i. „ •(5a) 513 „ 2b. 4Ad. „ 

3. Find the cost of 

(L) 28| cwt. at £6, lOs. per ewt. 

(2.) 30} tons at £7, 38. 4d. per ton. 

(3.) 8| gallons at £2, 2s. 6d. per gallon. 

(4.) 19^ quarters at £7, 28. per quarter. 

(5.) 2f bushels at 3s. lOd. per bushel. 

(6.) If ounces at 7s. 9d. per ounce. 

(7.) 32 acres at £40, Ss. 6d. per acre. 

(8.) 17| kilograms at £2, 28. 5d. per kilogram. 

(9.) 10()^ ares at £13, 18s. 4d. per are. 
(10.) 28i| tons at £1, 178. e^d. per ton. 
(IL) 30{ cwt. at £8, 68. 8d. per ton. 
(12.) 17i tons at £1, 4s. 6d. per cwt. 
(13.) 81 1 acres at £3, 68. per rood. 
(14.) 37 1 dozen at 18s. 4d. per score. 
(16.) 25fV gross at £24, 198. 6d. per dozen. 
(16.) 3} dozen cows at £19, 19s. 6d. each. 
(17.) 8f kilograms at £20, 178. 6d. per gram. 
(18. ) 1^ acres at £7, 48. lOd. per rood. 
(19.) 18) quires at £75, 2s. Id. per ream. 
(20.) ^ barrels of beer at £3, Is. 6d. per barrel 

4. Oaloulate the cost of 

(1.) 7 tons 10 cwt. at £8, 128. 6d. per ton. 
(2.) 10 tons 16 cwt. at £9, 17s. 6d. per ton. 
(3.) 6 tons 18 uwt. at £6, ISs. 6d. per ton. 
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(4.) 7 yards 3 qrs. at £1, Os. 6d. per yard. 

(5.) 13 acres 2 roods at 16s. 8|d. per acre. 

(6.) 11 acres 3 roods at £1, 19s. 7id. per acre. 

(7.) 18 cwt. 3 qrs. at £1, 2s. 6d. per cwt. 

(S.) 31 cwts. 1 qr. at £5, 17s. lOd. per cwt. 

(9.) 28 oz. 13 dwts. at £4, 148. 6d. per oz. 
(10.) 19 oz. 19 dwts. at £3, 17s. 10^. per oz. 
(11.) 16 tons 17 cwt. 3 qrs. at £2, 12s. 8d. per ton. 
(12.) 16 tons 19 cwt. 1 qr. at £1, 5b. per ton. 
(13.) 27 tons 3 cwt. 2 qrs. 14 lb. at £61, 7s. 8d. per toiL 
(14.) 91 tons 3 qrs. at £61, lOs. per cwt. 
(15.) 384 tons 19 cwt. 14 lb. at £86, 17s. 4d. per ton. 
(16.) 61 acres 3 roods 14 poles at £10 per acre. 
(17.) 43 acres 19 poles at £81, 5s. per rood. 
(18.) 3 tons 16 cwt. 21 lb. at £7, 16s. 4d. per cwt. 
(19.) 40 tons 3 qrs. 19 lb. at £2, 17s. 2d. per cwt. 
(20.) 131 cwt. 2 qrs. 20 lb. at £5, 6s. per ton. 
(2L) 7 kilograms 3 hectograms 4 grams at £2, Is. 8d. per kilogram. 
(22.) 19 myriag. 14 bectog. 16 cenlig. at £18, 18s. per hectog. 
(23.) 300 metres 21 centimetres at £21, 19s. 6d. per dekametre. 
(24.) 501 yards 2 ft. 10 in. at £8, 12s. per mUe. 
(25.) 1400 yards 1 ft. 9 in. at 16b. 7id. per furlong. 
(26.) 1701 bush. 1 pk. at 10s. 6d. per quarter. 
(27.) 3 yrs. 46 wks. at £22, 12s. 6d. per year. 

(28.) 5 months 3 wks. 6 days at £18, 10s. a year of 12 lunar months. 
(29.) 27 acres 3 roods 19 poles at 7i guineas per acre. 
(30.) 16 tons 14 cwt. 1 qr. 19 lb. 8 oz. at 13f guineas per quarter. 

5. Find the united area of 15 fields, the average size of which is 7 acres 
3 roods 20 poles. 

6. Find the weight of 18 trucks of coal, each of which contains 3 tons 
16 cwt. 78 lb. 

7. Find the cubical contents of 142 rooms, the length of each of which 
is 72 feet, the height 19 feet, and the width 30 feet. 

8. If the taxes on a house be at the rate of 3s. 6|d. to every £ of the 
rental, what are the taxes on a rental of £50, 7s. 6d. ? 

9. Having borrowed wheat of a certain quality I agree to repay it in 
wheat of an inferior quality, at the rate of 3 qrs. 6 bush, of the former 
for 4 qrs. 1 bush, of the latter. How many qrs. must I send in return 
for 30 qrs. 3 bush, borrowed? 
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Exercise 32. 
Miscellaneons Exerdses in Practice. * 

1. What is the cost of 16 c#t. 3 qn. 16 lb. at £1, 4i. 8d. per owl t 

2. Find by Practice the valae of 4074 artides at 2a, 9|d. per doMii. 

3. What is the amount of profit made by a merchant who lelLi 2 iona 
14 cwt. 2 qn. of sugar so as to gain £1, 128. 6d. per cwt. ? 

4. Find the value of 157 tonsBt 7 guineas per ton, at £2( per ion, an^ 
at £4, lis. 8d. per ton. Using one aliquot part only. In the same way 
calculate the cost of 158 tons at 8 guineas per ton, a1 £1^ per ton, and 
at £4, 7s. 6d. per ton. 

5. If I give 105 women 10s. 4d. each, and 140 boys 78. Od. each, how 
many men at 12s. lid. each can I pay with the same money? 

6. If a person's income is 600 guineas a year, and he spends one day 
with another £1, 28. a day, how much will he lay by at the end of the 
year? 

7. How much cloth will cover a room whose length is 12 ft. 6 in., and 
breadth 14 ft. 9 in., and what will it cost at 5s. 6d. i>er sq. yd. ? 

8. Find by Practice the value of 31*625 of £20, 10s. 6d. 

9. What is the cost of 32 gallons 3| quarts of ale at Is. 9d. per gallon? 

ID. How much property-tax must be paid on £7964, at 2s. 9}d. in the 
pound? 

11. A man spends £165, 6b. 7d. a year, how much will he lay by in 37 
years out of an income of £200 a year ? 

12. A sells B three chests of tea, each weighing 2 qrs. 12 lb., at £'225 
per lb., and receives in return 23 cwt. 2 qrs. of sugar at £1*875 per cwt. 
How much money will A have to receive in addition ? 

13. A contractor having commenced a railway, finds that when he hat 
yet 36 miles 3 fur. 22 yds. to finish, his working expenses are increased by 
a strike of his men by £14, 13s. 4d. per mUe, and by a rise in the price of 
materials, by £9, 13s. 4d. per mile. If he had reckoned on clearing £5000 
by the contract^ what will he be able to clear after these misfortunes ? 

14. If a railway train travels at the rate of 22 miles 3 fur. 18 yds. per 
hour, how far will it travel between a quarter past 6 in the morning and 
t^^enty-five minutes to 3 in the afternoon ? 

* These Exercises are taken in great measure from Examination Papers. 
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15. A borrowed of B a certain sum of money, and in payment of his 
debt returned to B the sum of £1400 in money and 531 Iambs valued at 
£3, 5s. 7jd. each. How much did A borrow ? 

16. Find the difference between the value of the contents of a truck 
containing 14 tons 5 cwt. 2 qrs. 24 lb. of potatoes which will sell at 78. 
per cwt., and that of another truck which contains 100 barrels of oysters, 
each barrel containing 138 dozen oysters valued at 3s. 9^d. a bundled. 

17. A man's income is £800 a year. He pays income-tax of 5d. in the 
pound, a rent of £70 a year, and rates of various kinds amounting to 
58. 8d. in the pound on his rental. Ho^ much a day has he left for other 
expenses? 

18. A grocer buys tea at 2s. 8d. per lb. and sells it again so as to g^ 
^ of the cost price. What will be his receipts on 6043 lb? 

19. If T^ of an estate be worth £109, 8s. lOd., what is the value of the 
whole estate ? 

20. If two acres of land be worth £223, 2s. 8d., what is the united 
value of two estates, each of which contains 45 acres 3 roods 20 
poles ? 

21. Three coal-waggons weigh respectively, 4 tons 16 lb. , 3 tons 19 cwt. 
1 qr., 4 tons 3 qrs. 27 lb. Their united weight, together with that of 
the coal they contain, is 37 tons 9 cwt. 3 q;rs. X5 lb. What will be the 
value of the coal b.\ £1, 4s. 2d. per ton ? 

22. Find by Practice the cost 6f papering ai!id carpeting a room which 
is 63 ft. long, 21 ft. high, and 21 ft. wide ; the paper being 1 yard wide, 
and coating 8d. a yard, and the carpet being 3b. 9|d. per sq. yard. 



RATIO AND PROPORTION. 

97. The Ratio of one quantity to another is the relation 
which the first bears to the second, as expressed by a frac- 
tion, of which the first quantity is the numerator and the 

second the denominator. 

L 
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Thai, the ratio of 3 to 15 if ezpreaMd by ^, i.e. |. 
The tame ratio is more usually exprened thua — ^3 : 15. 
Similarly, the ratio of 107 to 429 is written thua— 107 : 429. 
In every ratio the first of the two terms forming it is called the Ante- 
cedent, and the second is termed the Consequent. 

It is evident that every vulgar fraction expresses the ratio of its 
numerator to its denominator ; thus, f expresses the ratio 5:6. It fol- 
lows that. when by multiplication or division the antecedent and the 
consequent of one ratio are made equal to the antecedent and the conse- 
quent, respectively, of one or more other ratios, the first ratio is equal to 
the other, or others ; thus — 

The ratio of 18 : 4 = -|- = (L)-^-^= j2 = theratio of 54 : 12. 

18 -^ 2 9 
(H) 4 J, 2 = 2 = *^ "^^ of 9 : 2. 

Batio can exist only between quardilies which a/re of the 
same hind. 

Thus a ratio may exist between 3 oranges and 7 oranges, the ratio in 
this case being f , but we cannot establish a ratio between 3 orcmge» and 
7 marbles. 

It must be remembered that although the quantities between which a 
ratio is established may be both concrete quantities, the ratio itself is 
always an abstract number, integral or fractional. 

The ratio between two quantities of tJie same Und cannot be 
exj)ressed by an abstract number unless both are caressed in one 
denomination. 

Thus, the ratio 9 tons : 7 cwt. can only be expressed as an abstract 
number by first reducing the quantities to one denomination; thus, 
180 cwt. ^^ 180 
7 cwt., ' 7. 

98. Proportion is the relation of equality subsisting 
between ratios. 

If two ratios are equal {i.e. "If the fraction expressed by the ante- 
cedent and consequent of the first ratio be equal to the fraction expressed 
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by the antecedent and consequent of the second ratio"), they are said to 
form a Proportion, and the four terms of which it is composed are called 
Proportionals, * or are said to be proportional to one another. 

Thus, since 14 = | of 21, and 18 = ^ of 27 

the ratio of 14 i 21 = the ratio of 18 : 27, 

and these four terms 14, 21, 18, 27, form a proportion which is usually 

written thus — 

14 : 21 :: 18 : 27, 
and read thus — 

As 14 is to 21, so ia 18 to 27, 
or — 

14 is to 21 as 18 is to 27. 

N.B. 1.— The meaning of this proportion is, that — 

14 18 the same fraction of 21 that 18 is of 27. 

This idea of a proportion should be carefully remembered. 

N.B. 2. — In this example the two antecedents are 14 and 18, and the 
two consequents are 21 and 27. 

N.B. 3. — The first and last terms of a proportion are called its 
extremes, and the aecovd and third terms are called its means. 

99. In every ^proportion the product of the extremes is egual to 
thep-oduct of the means, 

Ex. 3 : 7 :: 12 : 28, 
i.e. f = H- 
Reducing these fractions to the common denominator {7 x 28, i.e. 19G), 

we have— 

3 X 28 _ 12 X 7 

7 X 28 ■" 28 X 7. 

And now, multiplying each fraction by the common denominator, we 

have— 

3 X 28 = 12 X 7, i.e. 

84 = 84 
The product of the extremes = the product of the meavA, 

It follows from this proposition, that — 

Having any three terms of a proportional given^ we may 
always find the remaining term, for — 

* The following definition should also be remembered — 

**Four quantities are said to be proportionals when the first is the same 

number oi times greater or less than the second that the thiid is greater 

or less than the fourth." 
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Let the four terms be signified by a, b, e, d, 

and let a : h :i e : d 
then ax(i = &xe(§99), 

and therefore — 

b X e 
a = 



6 = 
c = 



d 
a X d 

c 
a X d 



, b X c 

d = — ~ — 
a 

Applying these formulse to the above example, we have — 

7 xl2 



3 = 

7 = 

12 = 

28 = 



28 
3x28 

12 
3 x28 

7 
7 X 12 



3 

N.6. 1. — When the second and third terms of a proportional are alike, 
the number constituting each of these terms is called a Mean PropoT* 
tlonal to the other two. 

Thus, a : b :: b : c 

Here 6 is a mean proportional to a and c. 

Since, also, a x c = b x b = b^, we have the following rule — 

RULE.— To find a mean proportional to two given nnmberi^ 
multiply them together, and extract their square root (§ 127). 
Ez. 1. Find a mean proportional to 4 and 9. 
Answer, = V4 x 9 = V36 = 6. 
N.B. 2. — The following is but another form of the mean proportional. 
Ez. 2. Find a third proportional to 27 and 63. 
The problem may be thus expanded— 

Find a number bearing the same rdation to 63 that 63 bears to 27* 

Let d be the number required. 

Then 27 : 63 : : 63 : (2 

Therefore 27d = 63 x 63 = (63)« 

Therefore d = -^j- — 147, Answer, 
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Hence the reason of the following rule — 

RULE.— To find a third proportioiial to two given niunben, square 
the second number, and divide the product by the first number. 

100. Conversely, fFhen the product cf any two quantities is 
eqv>al to the product of two others^ the four quantities are propor- 
tional, the factors of either one of the products being the extremes, 
and those of the other the means of the proportional. 

From which it follows, that — 

If four quantities are pi'oportiondt in any one given order, they 
vMl also be proportional in any other order, provided that the 
same pair of terms are kept together either as extremes or means. 

Thus, since 6 x 12 = 8 x 9, we have the following proportions — 
(1.) 6 : 8 :: 9 : 12; or, 9 : 12 :: 6 : 8; 
(2.)8 : 6 :: 12 : 9; or, 12 : 9 :: 8 : 6; 
but 6 : 12 : : 8 : 9 is not correct, because 6 x 9 is less than 12 x 8. 
N.B. — The sign ^^ is used to express ^^ decreases to" or, " w greater tkan;^^ 
the sign <: is used to express ** increases to," or, " is less than /" and 
the sign X is used to signify "varies as,** 

101. Simple Proportion, or, The Rule of Three, is the 
name given to the method by which, when we have three 
terms of a proportion given, we can find the fourth. 

The foUowing problem forms a case of simple proportion — 

Ex. 1, If 6 men earn 425., how much tvill 36 m>en earn ? 

It is here supposed that the money earned varies directly with the 
number of men engaged in earning it ; i,e. that when more men are at 
work more money wiU be earned, and when fetoer men are engaged less 
is^oney wiU be earned. 

With this supposition we are enabled to establish the ratio, that — 

J • A •«-« . Q« -v.^ . . ^he money earned by . the m^mey earned by 
Asemen : 36men :: theQmen ' the'66m^; 

in other words, that — 

6 men : 3^ men :: 24s. : the Answer; 
therefore-- 

TheAmwer = ^^^ ^ ^ = 2523. = £12, 12u. 
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• In this example we hATe the three terms 6 men, 96 men, and 42i. giTen, 
and we are required to find the fourth term, which will also he expressed 
in shillings; for the third teim heing the anteoedent to the fourth, 
most necessarily he of the same kind and of the same denomination as 
the fourth. 

In the ahove example we hare two things to do, vis. — 

1st. To state tkeprobtem a$ a proportionf and 
2nd. To 9olve the proportion^ 

for each of which we require a separate mleu 

Before proeeeding to the enunciation of these rules it will he as well to 
remark — 

Ist. That although we generally describe simple proportion as ih/B 
method of finding a fourth proportional to three given proportionalt, it 
may more accurately he defined as the method of finding the four temu of 
a proportional when any three of them are given, which is performed by 
the help of § 99. 

Thus, in the example taken above, the following ratio is correct — 
/T\ j»QR ^^ . Rr^^ .. the money earned . the money earned 

in other words, that — 

36 men : 6 men :: the Answer : 42s. 
therefore — 

The Answer = ^^^- ^ ^ = 2528. = £12, 128. 

In this case, we found the third term of the proportional, and in the 
following proportions we find the first and second terms respectirely, the 
answer being in every case the same. 

/yy \ The money earned . the money earned . . oe ^^« . a ^^ 
^"•> by36men ' by6men •' ^ '^'^ • ^ ''^^ 

i.e. The Answer : 428. : : 36 men : 6 men. 
nil \ T^ money earned . the money earned . . /. •-^ . <m? »n.mm^ 

t.e. 42s. : the Ansvoer : : 6 m,en : 36 men. 

2nd. That there are two cases of Variation, which are usually described 
as (1.) " Direct »* and (2.) " Inverse." 
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The example taken above is a case of direct variation, because the 
money earned increases when the nurriber of men increases, and diminishes 
when the number of men diminishes. 

The following example will famish an instance of inverse variation — 

Ex. 2. If the sixpenny loaf weighs 3 lb. when wheat is at 65. 
a bushel, how much ought it to weigh when wheat is at 8s. a 
busheli 

Here the weight of the loaf varies inversely as the price of flour, «.& 
the loaf weighs less when the price is grecUer, and vice vena. 

This inverse variation is expressed thns — 

If a varies inversely as b, the ratio is thus stated — 

a b 
The above problem may now be stated as a proportion — 

1 1 



6s. : 8s. : : 
i.e, 6s. : 8s. 



tJie weight (U63, 'the weight at 8b. 

:: JL : 1 

* * 3 lb. 'the Answer, 



Therefore, 6 x - — -i = vi- x 8. 

the Answer 3 lb. 

6 8 

%.e, — 



The Answer 3 lb. 
.'. 6 X 3 lb. = 8, Answer. 

.'. Answer = i^ijit- = 1^^ = 2i lb. 

8 8 * 

The preceding examples and remarks will now render 
intelligible the following rules — 

I. RULE FOR STATING THE PROPORTION. — Of the three given 
quantities which are involved in the proportion, set that which is of 
the same kind as the answer in the third term. 

If now the nature of the question demands that the fourth term 
of the proportion (i.e. the answer) should he of a value greater than 
that of the third term, put the greater of the two remaining quan- 
tities in the second term, and the other in the first ; hut, if the fourth 
term ia to Xte less than the third, put the lose of the two remaining 
quantities in the second term and the other in the first. 



168 ARITHMETIC. 

If the first and second terms be expressed in different denominAtioiu^ 
reduce them to one denomination before proceeding any further. 

n. RULE FOR SOLVINa THE PROPORTION.— Multiply fhe MCOnd 
and tMrd terms togrether, and dlTlde the product liy the lint. 

Ex. 1, If Q men earn 425., ?iow much will 36 msn earn? 

Here the answer must evidently be in wages, and 42s., being the wages 
of 6 men, will be the third term. 

Again, it is evident that the wages of 36 men will exceed the wages of 
6 men, therefore " 36 " is put in the second term because it exceeds 6. 

Therefore — 

6 men : 36 mm : : 42s. : vsages of 36 men. 

Therefore — 

The wages of 2& men = ^^^- ^ ^ = ^s. = 252*. 

Or, by cancelling— 42fir. x 00 

-^ = 252s. = £12, 128. 



1 

KB. — It will here be noticed that we apparently do what it is really 
impossible to do — viz., multiply 42 men by 36s. But, in reality , we do 
nothing whatever of the kind ; for, as we have already stated, a ratio 
itself is always an abstract number, from which it follows that, in the 
above example, the 6 and 36 (representing, as they do, the antecedent 
and the consequent of the ratio 6 : 36) are merely abstract numbers, so 
that in multiplying by the second term of a proportion, and dividing by 
the first, we really multiply and divide by abstract numbers in every 
case. 

102. "First Principles" is a name applied to that 
method of solving arithmetical problems by means of no 
fixed rule, but by the use of a clear and concise method of 
reasoning. 

This method has the advantage of being somewhat easier to understand 
than that proposed by the **Rulc,^* but for facility of working the rule 
is by far the more preferable. 
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The rule, or " Proportion by Statement/' as it is sometimes called, 
has heen condemned as being too mechanical, but this objection can only 
be urged when the subject is taught mechanically. There is certainly as 
much exercise of the mind in intelligently stating a proportion on the 
principle of equality of ratios as in reasoning out any one of the puny 
problems suggested by the mode of working "Proportion by First 
Fiinciples." 

The following is an example of ^* Proportion hy First Principles," and 
although the answer is found by the use of a certain principle of ^^Pro- 
portiony" it will be seen that it; scarcely recognises at all the mathematical 
theory of Squality of HcUios and Propoi^ion, 

Ex. 1. Jy 6 men earn 425., how much mil 36 nun earn? 

The wages of 6 men = 42s. 

42s 
Therefore, the wages of 1 man = 428. -5- 6 = —^ 

D 

e 
Therefore, the wages of 36 men = -J^ x 36 = ' = 25 2s. 

The above remarks are not intended to apply to the method of working 
by "First Principles" in a general way. They are intended rather to 
defend the rule against the charge of being too mechanical. Other 
exercises worked by "First Principles" will be given hereafter, and the 
student will do well to work a number of exercises by both methods, as 
they will thus explain and illustrate each other. 

N.B.— It may be as well to point out that, relying on § 57 and 68, in 
arranging the fraction when working by "First Principles," to make the 
value of that fraction less, we put the number under consideration below 
the line ; to make the value of the fraction greater, we put the number 
above the line. 

Thus, in the above example, when we wished to make the 42s. less, we 

42s. 
placed the "6** beneath the line, thus, — g-' ; and when we desired to in- 

crease the value of this fraction, we put the "36" ahove the line, thus, 
42s. X 36 



2. If I pay 7s. for the me of lOOs,, how many shillincs 
must I pay f 01' the use of 758. ? 
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Here all the terms are in ahilUnga; but it is easily seen that the third 
term most be 78., because the answer is not only to be in money, but in 
money paid for the use of other money. 

Therefore, by the rule — 

IOO9. : 7^8. :: 7s. : the Answer, 

3 
7s. X 5? 5 01- 
.-. The Answer = — tTktt-^ = =^ = 5s. 3d. 

Avv 4 

i 



3. If ^ tons 3 cwt of coal cost £Q, 4s, 6d,, haw muA 
coal may he had for £4, I65. 9 

(L) Bythemle— 

£6, 48. 6d. : £4, 16s. : : 4 tons 3 cwt. : Answer. 
Reducing the first and second terms to one denomination, and the 
third term to its lowest denomination, we have — 

2A9 sixpences : 19Q sixpences :: 83ctr<. : Answer, 
Therefore— 

An^erJ^'^^^^^^'^=^^=^c^. 

(n.) By First PrincipleB— 

For (£6, 4s. 6d., t.c. for) 249 sixpences we can purchase (4 tons 3 cwt., 

t.c) 83 cwt. of coal; 

^ , , ^ . , 83 cwt. of coal; 

Therefore, for 1 sixpence we can purchase stq- 

^ 83 cwt. X 192 
And for (£4, 16s., i.e, for) 192 sixpences, we can purchase 249 

of coaL 

^tc^,^m^ 64cwt, ^ ^ ^., ^,^. 
^^^ 1 

Ex. 4. i/* (§ + •^) of an estate is worth £1003, 175. lA, 
what is the value of (^ + xi) of it ? 

(Examination for Certificates. Males, 1st year. 1870.) 
Here I + ^ = i^^ = ^ = f 
And 7 + TT 15 XT - T« 
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Therefore, the question stands thus — 

^^If^of an estate is worth £1003, Us. Idf., what is the value of % of it t** 

By the rule — 

f : I : : £1003, 17s. Id. : the Answer. 

.•, The Answer = £1003, 17s. Id. x | -^ ? 
= £1003, 17s. Id. X ^ X { 
= £1003, 17s. Id. X \i 
_ £1003, 17s. Id. X 14 

25 
_ £14053, 19s. 2d. 



25 
= £562, 3s. 2d. 

b. If a man pays £749, I85. id, for debts at 3s. 7d, in 
the £, how much did he owe ? 

(Examination for Oertificates. Males, 1st year. 1871.) 

By the rule — 

3s. 7d. : 20s. : : £749, 18s. 4d. : the Answer, 
i,e. 43d. : 240d. :: £749^ : t?ie Answer. 

£74m X 240 p8999 x ii0 ^179980 
...TheAnswer= ^^ = £____=£__ 

= £4185H = £4185, lis. 7itd. 

Ex. 6. A person, after paying 6d, in the £ income-tax, had 
£457, Is, ^^d, left; what was his yearly income? 

Every pound of his yearly income became 19s. 6d. after paying income- 
tax ; from which it follows that— 

19s. 6d. : 20s. : : £457, Is. 5|d. : his yearly income. 
i,e, 39 sixpences : 40 sixpences : : £457, Is. 5|d. : his yearly income, 
.'. His yearly income = £457, Is. 5|d. x |$ 

= £468, 16s. lOd., Answer, 

Ex. 7, If a pair of blankets, each measuring 6 ft, 9 in. by 
5 ft. 3 m., cost 10s. 6d., what will be the cost of a pair, of like 
thickness and quality, each measming 9 ft. 9 in. by 8 ft. 3 in, ? 

(Examination for Certificates. Females^ 1st and 2nd years. 1869.) 

It is evident that the cost of the second pair of blankets will vary as 
their area, since the number, thickness, and quality are the same. 
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Therefore— 



/39 33\ /27 21\ 

l4 ^iJ^Vt^t; 



The area of the . the area of the . . the cost of the , the eott of the 
first pair ' second pair first pair * second pair; 

i.e.(6ft.9iii.x6ft.3in.) : (9 ft. 9 in. x 8 ft. 3 in.) ::108.6d. : ^^^^^^ 

Le. (6J ft. X 6i ft.) : (9i ft. x 8i ft.) :: l?^^ : the cost of the second pair. 
Therefore — 

The cost of the second pair = ky^x 3 — =? 

*^ 40 6^ X 5^ 

21 
= £4-0^ 

3 

23 

Ex. 8, If5'25 yards of calico cost 35. 8-625(?., trAa^ wUl he the 
cost of 367 "5 yards at Hie same rate ? 

(Examination for Certificates. Females, 1st and 2nd year. 1867.) 
By the rule— 

b-25 yards : 367*5 yarcfo :: q^' ^^^Q^ii ' cost of 367 '5 yards. 
Therefore — 

m,. . ^nn^^ , 44-625d. X 367-5 
The cost of 367*5 yards = ^725 

= 3123id. = £13, OS. Sjd., Anstoer. 

103. " Compound Proportion," or, " The Double Rule of 
Tliree,'* is the name given to the method by which the 
fourth term of a proportion is found when the antecedent 
and the consequent consist each of more than one quantity. 

The following example furnishes a case of compound proportion. 

Ex. I. If Q men in 24 days of 8 hours each set up 456 yards 
of telegraph wire, how many yards will be set up by 5 msn in 20 
days of 10 hours each? 
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Here we have the seven quantities—^ men, 24 days, 8 hours, 456 yards ; 
5 men, 20 days, 10 hours. 

We shall presently see that these seven quantities will form but three 
** termSj* and that our business will be to find a fourth term to these 
three given terms. 

As in Simple Proportion, we sliall have two rules to find, 

"viz. — 

1st. A rule for stating the problem as a proportion. 
2nd. A rule for solving this proportion. 

These rules may be found by the help of the rule for 
Simple Proportion and the following considerations — 

(1.) 456 yds. of wire were set up by 6 men in 24 days of 8 hours each ; 
i.e, by 6 men working (24 x 8) hours each ; 
i.e. in (24 X 8 X 6) working hours.* 

(2.) The number of yards in the answer were set up by 5 men in 20 
days of 10 hours each ; 

i.e, by 6 men working (20 x 10) hours each ; 
i.e. in (20 x 10 x 6) working hours. 

Therefore, we may state the question thus — 

*• If 456 yds. of wire were set up in (24 x 8 x 6) working hours, how 
many yards can he set up in (20 x 10 x 5) working hours ? " 

And by the rule for stating Simple Proportion, we have — 

Working hrs. working hrs. yds. 

(24 x 8 x 6) : (20 x 10 x 5) :: 456 : Answer. 

5 6 H^^ 
. j^. ^P x j0 X 5 X ^^0 5x6x6xl9yds. oars a 
• • ^"'- = H-9^0 ^^' " 6 = ^^^^^ 

6 



We have now arrived at the answer by considering the question as a 
whole. Let us now work it out by First Principles, preparatory to reason- 
ing out the rule from a more individual consideration of the several parts 
of the problem. 



• «( 



A working hour^^ is used to signify "one man working one ?iour,** 
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By Flnt PrlnoipleB— 

1; The wire set up by 6 men in 24 days ofS hours etich = 4M ydi. 

456 

2. „ 1 Tnan 24 »f 8 „ = -g-yds. 

456 xS ^ 

3. ,, Brnen 24 „ 8 „ = — g— ydi. 

So far we have obtained thd same result as in section 2 of the role for 
stating, page 175. 

A K 1 J Q 456 X 5 _ 

4. „ men 1 day 8 „ = g ^ 24 yds. 

K fi Oft 7 Q 456 x5xgO 

5. „ 5 „ 20 days 8 „ = — g ^ 24 — ^^ 

So far we have obtained the same result as in section 3 of the rule for 

stating. 

« K OA 1 1. 456 X 5 X 20 _ 

6. „ 5 „ 20 „ Ihour = 6 x 24 x 8 ^^ 

.T K OA lAn 456x5 x20x 10 , 

7. „ 5 „ 20 „ 10 ^ur* =~ 6x24x8 ^^ 

Which is the same result as that obtained in section 4 of the rule for 
stating. 

We will now consider each part of the question indiyi- 
dually — 

1st. "1/6 m^n set up 456 yds, of wire, how many yards will he set up by 
6 m^nf** 

By Simple Proportion we have— 

6 m>en : 5 men : : 456 yds, : Answer, 

Amwer = Ml^^iL?. 

o 

2nd. " If — ^-— of wire are set up in 24 days, how many yards 

will he set up in 20 days t " 

By Simple Froportioxi we have— 

24 days : 20 days : : — - — yds, : Answer, 
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3rd. " If T^ Jf yds. of wire art set up when the men work 8 hour$ 
6 X 24 

a day, how many yards will be set up when the men work 10 hours a day t " 
By Simple Proportioxi we have— 

Shrs, : 10 hrs. :: — / ^»^ ^^ yds, t Answer. 

6 X 24 

^Twwcr g ^ 24 J'^- 3 6 X 24 X 8 ^ 

The reason of the following rule will now be evident — 

Z. RULE FOB STATING THE PROPORTIOK— 

1. For the third term, write the given quantity which is most 
nearly connected with the answer^ and which must always be of ike 
same kind as the answer. 

In the above example the third term will therefore be " 456 yds.*' 

2. From the remaining quantities select two which are of the 
same kind, and which evidently compose one of the several ratios 
involved in the question, and leaving all the other given quantities 
out of consideration, state these two quantities as the first and 
second terms of the proportion, according to the rule for Simple 
Proportion. 

In the above example consider thus — 

**If6 Tnen can set up 456 yards of wire, how mjany yards can be set up 
by 5 m>en t " 
This proportion would be stated thus — 
As6m£n : 5 men :: 4i56 yds. of wire : the yards set up by 5 men. 

8. From the remaining quantities select two others, and proceed 
wltb them as with the last* two. Having determined which shall be 
the antecedent of this new proportion, place it beneath the antece- 
dent of the last proportion, and deal similarly with the consequent. 

In the above example consider thus — 

•* J7456 yds, of wire are set up in 24 days, how rtvany yards wiU be set 
up in 20 days f" 

This proportion would be stated thus — 

As 24 days : 20 days : : 456 yds. : the yards set up in 20 days. 
And therefore, resuming the statement obtained above, we have — 

6men : 5mm > .. 450^^, . theAnswer, 
24 days : 20 days) 
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4. If any crlven qoantitieB yet remain, dispose of them as of tlie 
last two. 

In the above example consider thus — 

" If 456 yds, are set up when the men work 8 hours a day, how many 
yatds wiU he set up when the men work 10 hours a day f " 

This proportion would be stated thus — 

As S hours I 10 hours :: 456 yd*. : ^^^"^^^ ^^^^^''^'^^ 

And therefore, resuming th^ statement obtained above, we have — 
6 m^n : 6 men ") 

24 days : 20 days > : : 456 yds, : the Answer, 
8 hours : 10 hours ; 



n. BXTLE FOB SOLVING THE FBOFOBTIOK— 

Haying reduced thd antecedent and the consequent In each case to 
the same denomination, multiply the third term by the product of 
all the quantities in the second term, and divide the result hy the 
product of all the quantities in the ilrst term. 

In the above example — 

19 

5 5 ^t 

5 X ^^ X j0 X ^00 y^g ^ 5 X 5 X 5 X 19 ^^^ ^ 2375 ^ ^ 
X ^)4 X ? <> * 6 * 

i ^ 395| yds., Answer. 



2. If 10,000 persons, each travelling 30 miles weekly, 
give a railway company a receipt of £1200 a week, how many 
persons, travelling each 25 miles weekly, loill bring an inayme 
o/ £130,000 a year, the cost of travelling being reduced one- 
third f 

(Examination for Certificates. Males, 2nd year. 1865J 

Here £1200 a week = (£1200 x 52) a year = £62400 a year. 

"We may therefore take the first part of the question thus — 

(1.) " // 10,000 persons give a receipt of £62,400, how many persons wiU 
give a receipt of £130,000 ? " 

By the rule for Simple Proportion we get the following proportion — 
£62400 : £130000 :: 10000 pcr.on, : '^/.t^y^^^ffaKwo'tLr 
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We may next consider the second part of the question thus— 

(2.) " If 10,000 persons, travelling 30 mUes each, give a certain vjeekly 
receipt, how many persons, travelling 25 miles each, wiU give the same 
receipt f " 

By the rule for Simple Proportion we get the following proportion— 

25 miles : dOmUes :: 10000 persons : t^ number of pm^onstravdUng 

Therefore, resuming the statement obtained before, we have — 

£6^ : £130000 > IQQOO persons : the Answer. (II.) 

S6 miles : dOmUes) ^ ^ ' 

K.B. — The last proportion established involved a case of inverse 
variation. 

The remainder of the question may now be considered thus — 
(3.) ** If 10,000 persons travel a certain distance for a certain sum oj 
money, Juno many persons may travel the same distance for the same 
amount of money, if the cost of travelling be redticed one-third, t.e. if the 
cost of travelling be in the ratio of 2 : 3 ? 

By the rule for Simple Proportion we get the following proportion — 
2:3:: 10000 persons : the number travelling at the reduced rate. 

Therefore, resuming the statement obtained before, we have — 

£62400 : £130000 ^ 

25 miles : 30 mt^ > :: 10000 persons i the Ansfwer, 
2:8) 

Therefore — 



3 626 

^0 ^0000 

^0000 persopg x JL00000 x 30 x g 



= 2 X 625 X 30 persons = 37500 persons. 

Ex. 3. A can do a piece of work in 20 days, JB in 12 days; 
A and B work at it together for 6 days, and then C finishes 
it in 2 days ; in how many days could C have done it alone ? 

(Examination for Certificates. Males, Ist year. 1869.) 

M 
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(1.) In 20 days A can do all the work. 
. *. in 1 day A can do ^ of the worlc 
.*. in 6 days A does -^, i.e. ^ of the work. 

(2.) In 12 days 6 can do all the work. 
. *. in 1 day B can do ^ of the work. 
.*. in 6 days B does ^, i.e. i of the work. 

Therefore — 

(3.) In 6 days A and B, working together, do (^ + )) of the woik; i,e, 
f of the work. 

And therefore, when A and B cease working, ^ of the work jet re- 
mains to be done. 

This remaining fifth is done by C in 2 days. 

Therefore G could do all the work in 2 days x 5, t.e. in 10 days. 

Afufper, 10 dayn 

Ex. ^. If ^ horses are tcorth 7 cows, and 5 cows cost as much 
as 30 sheep, and 16 sheep cost £165, what is the value of 8 
luyi'ses ? 

By First Principles we have — 
16 sheep cost £165. 

.*. 1 sheep „ iB— ^. 

.•.30.heop ,. M^-?^. 

lo 

But by the question 5 cows cost <u much as 30 shtcp — 

. . 5 cows cost Jfe— —--- — . 



,*, 1 cow „ £-^-- -, • 



a65 X 30 
16 "x 5 



• . I cows , , Xt ^ • 

lb X 5 
But by the question 3 fiorses cost as much as 7 COWB* 

.'.3 horses cost ^^^.^. 

5 X 16 

6 X 16 X 3 



.165 X 30 X 7 X 8 
5 X 16 X 3' 



.-. S horses „ £i^52Jii'-^Vo^^ = £1155, Answer. 
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Such problems may more easily be solved by the follow- 
ing process — 

(1.) State the seyeral equations eaoh under each, as below- 
Let X = the ntimber of £ in the Answer. 
Then the vaJue of 3 fiorses ~ the valine of 7 cows, 
„ „ 5 cows =^ „ 30 she^, 

„ „ 16 slieqa = £165, 

and £x =» the valae of 8 horses. 

(2.) Divide the product of the numbers in the right-hand oolumn 
hy the product of the numbers In the leC^hand column. 

Thus— 

^^8j< 165x30x7 ^ jgii55 ^,^,^^ 

3 X 6 X 16 

104. The proposition stated in § 71, "?b reduce one 
quantity to the fraction of another given quantity,** becomes 
more intelligible when viewed by the light of Ratio and 
Proportion. 

Thus, the following example may be stated in several ways — 
Ex. Reduce 2 Urns 3 cwt, to the fraction of 5 tons. 

The same problem may be stated thus — 

Wheat fraction of 5 tons is 2 tons 3 cwU t 

Or, Find the ratio subsisting between 2 tons 3 cwL cmd 6 tom. 

In the last case, we have — 

2tons3cwt. : 5 tons :: ^cwt, : lOOcto^; 

.^ 2ton8 3cwt. _ « j^^„.^ 
t*e, — 5-r = -— :, Answer, 

6 tons. 100 



Exercise 33. 
Sxercises in Simple Proportion. 

X. Oive the meaning of the terms "ratio*' and "proportion,* and 
show how the rule called "proportion " is eonnected with your definition 
of proportion. 
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ARTTHMETia 



a. Find the valae of x in each of the folloiving proportiom — 



3 

19 

91 

7 

2 

16 



7 
63 
84 

X 

9 

X 



21 

95 

325 

21 

X 

14 



X 
X 
X 

90 
117 
154 



X 
X 

81 

38 

21 

100 



102 
71 

X 

X 

71 
91 



21 

3 

14 

19 

X 
X 



9 

355 
42 

200 
284 
910 



3. If 6 lb. of sngar cost 3s. 9d., what will be the cost of 13 lb. ? 

4« If 13 lb. of tea cost 528., how much tea may be bought for £3, 8b. ? 

5. If 18 cows be purchased for £1827, how many cows may be bouj^t 
for £1319, lOs. ? 

6. What will be the cost of 16 cwt. of coals, when 13 cwt. cost 16b. 9d. ? 

7. How many sheep are worth as much as 18 cows, if 4 cows are worth 
10 sheep? 

8. If 36 bushels of wheat cost £40, how many bushels of wheat may be 
bought for £38, IDs. ? 

9. If 8 men can do a piece of work in 15 days, in how many dayi eould 
12 men do the same work ? . 

10. What weight of sugar may be bought for 7s. 9Jd., when 13 lb. may 
be purchased for 5s. lljd. ? 

11. If the cost of 11 gas-burners be £33, 16s. 6d. a year, what will be 
the cost of 14 gas-burners a year? 

12. If the price of 18 J yds. of cloth be £17, 2s. 3d., how much doth 
may be bought for £41, 12s. 6d. ? 

13. A bankrupt's debts are £1300, his assets are £800 ; after payments 
of costs his crediton receiv^e 6s. 5d. in the £1 ; what are the costs? 

14. If 27 cows are worth 350 sheep, how many sheep are worth 81 oowi? 

15. If 81 lb. of black tea are worth as much as 90 lb. of green tea, what 
weight of green tea is equal in value to 108 lb. of black tea ? 

16. If a clock, which was right at 12 o'clock A.M., points 3.15 P.M. 
when it is 3 o'clock P.M., what time will it be when the clock points 
6 p.m.? 

17. What will be the cost of mowing a field of 23 acres 3 roods, when 
£1, 4s. 9d. is charged for mowing 3 acres ? 

18. If i of an estate be worth £1005, 7s. 6d. , what will be the value of 
f of the estate? 

19. If 38 bales of cotton cost £2850, how many bales may be bought 
for £1200? 
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20. The rent of 19 acres of land being £14, 5s., what will be the rent 
of 13 acres? 

21. If the railway fare for 76 miles be 14s. 3d., how far may a person 
travel for £2, 16s. 7Jd. ? 

22. If the railway fare for 77 J miles be 12s. lid., what onght to be the 
fare for 93 miles? 

23. Find a quantity which bears the same ratio to 5 yds. 3 qrs. 3 nails 
that 30 days 3 hrs. 29 min. 29 sec bears to 13 days 16 hrs. 51 min. 
35 sec 

24. Find the value of 7 tons 8 cwt., when 5 cwt. are worth £18, 13s. 4d. 

25. A bankrupt's debts are £1350, his assets are £850 ; how much does 
he pay in the £? 

26. A servant is engaged at £7 a year, but leaves at the end of 17 wks. 
and 4 days ; how much ought she to receive? 

27. If a cottager spends 8s. a week on flour, what difference will it 
make to him if the price of wheat rises from £2, 10s. 4d. to £2, 15s. IJd. 
per quarter, supposing the price of flour to rise in the same proportion ? 

28. If a bankrupt pays 13s. 7d. in the pound, what will he pay on a 
debt of £4572 ? Work the sum also by Practice. 

29. If li cwt. of sugar cost £4, 2s. 6d., what will be the cost of 32 
tons 18 cwt. 21 lb. ? 

30. If a man's earnings for 51 days be £19, 19s. 6d., what will be his 
earnings for 85 days at the same rate ? 

31. A rate of Is. 5d. in the pound was levied upon a parish, and pro- 
duced £4814, 18s. 7id. ; but the collector becoming a defaulter to the 
amount of £708, Is. 6}d., an additional rate was levied to make up this 
deficiency ; how much was this in the pound ? 

32. A tank contains 406 gallons of water when f full; how many 
gallons does it contain when quite full? 

33. If one pound Troy of sterling gold is worth £46, 148. 6d., what is 
the united weight of 1246 sovereigns and the same number of half- 
sovereigns? 

34. The rental of a parish is £6720, 12s., and the assessment to the 
poor-rate £700, Is. 3d. ; how much will the rate be on a farm of 63^ acres 
which is rented at £1 to the acre? 

35. A poor man sells his pig for £2, 7s. 4d., and gains thereby a sum 
of money which stands in the same ratio to his outlay as £17 stands to 
£100 ; how much did the pig cost him ? 
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36. The cost of oovering a roof 9 yds. by 8 yds. amounted to £27 ; 
what would be the cost of covering another roof which is 3 yds. longer 
and 5 yds. wider than the other, but which, however, has a trap-door 
in it which is 1 yd. square, and is not to be included in the calcula- 
tion? 

37. If 17 yds. of flannel cost £3, 10s. lOd., how many yards of this 
flannel must be given, with £14, 14s. 9d., in return for 18 yds. of doth 
at 19s. 6d. a yard? 

38. In a parish, whose rental is estimated at £1^5^8, 3s. 4d., the total 
amount of the rate collected is £2169, 6s. 5|d. ; how much is that in the 
pound? and what will be the rate payable by a jperson whose rental is 
£50? 

39. The ratio of the vibrations of a pendulum to the number of tecondi 

in which the vibrations are made is -f ; how many times will it vibrate 



in 24 hours. 

40. If a silver tankard; weighing 1 lb; 10 oz. 10 dwt., cost £6, Ss. 9d., 
what will be the value of the silver in the handle of a silver tea-kettle, 
if the weight of the handle be ^ of the weight of the kettle itself, the 
kettle and handle together weighing 13 lb. 4 oz. ? 

41. An army is besieging a town in which are 1000 men with provisions 
for 3 months ; how many men must leave it at once that the rest may be 
able to subsist for a year? 

42. A block of stone is 4 ft. long, 2J ft. broad, and 1| ft. thick ; it 
weighs 27 cwt. ; find the weight of 100 cubic inches of the stone. 

43. A man has an income of £200 a year, and an income-tax is oitab- 
lished of 7d. in the £, while a duty is taken off sugar, so that the price 
of that commodity is redubed by 3s. 6d. on 28 lb. ; what must be his 
yearly consumption of sugar that he may just save his income-tax ? 

44. If 7 cwt. 3 qrs. 27 lb. of su^ cbst £13, 19s. 84d., what will be the 
cost of 12 cwt. 3 qrs. 14 lb. at the same rate ? Explain the working of 
this example. 

45. If ^ of a truck of coal weighs 26 cwt. 1 qr. 19 lb., what is the 
weight of all the coal in the truck ? 

46. After paying an income-tax of 5d. in the £, there remains £66, Is. 
lOjd. ; what was the amount on which the tax was paid ? 

47. The circumference of the driving-wheel of an engine is 16 ft. 6 in., 
and the train is going at the rate of a mile in 4 minutes ; in what time 
will the wheel make one revolution ? 
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48. Two pieces of cloth, of the same length, cost £11, 3s. 6d. and £14, 
8b, respectively. The price of the first was 6s. 2^(1. per yard ; what was 
the price of the second? 

49. A person builds a house with i of his money, with f of the re- 
mainder he stocks his farm, and now has £81, 7s. 9d. left ; how much 
had he at first? 

50. The cost of carpeting a room, which contains 148 sq. yds., being 
£90, 13s., what would be the cost of oarpeting an ante-room, which is 8 
yds. long and 7 yds. wide? 

51. If 50 lb. of a certain kind of tea are worth 112 lb. of coffee, how 
much coffee should be received in exchange for 91 lb. of tea of a quality 
four times as good as the first? 

52. If 2*625 tons cost £36*75, what is the value of 1*5 lb. ? 

53. A hop merchant exchanges 6 cwt. 3 qrs. 12 lb. of hops at £13 per 
lb., for sugar at £'03 per lb. ; what quantity did he receive ? 

54. What is the expense of plastering a ceiling at £'075 per yard, when 
the length is 18 ft. 4 in., and the breadth 14 ft. 3 in. ? 

55. If 2 cwt. 3 qrs. 13 lb. of cheese cost £5, 13s. 8]d., how much cheese 
of a quality twice as good as the last can be bought for £17, Is. 0|d ? 

56. A gallon contains 277*274 cubic inches. How many gallons can 
there be in a tank 8^ ft. long, 5 ft. broad, and 2^ ft. deep? 

57. Paid £43, 15s. for 35 sacks of oats, each weighing 20 stone; what 
must I give for 4 cwt. 42 lb. ? 

58. If 2 cwt. 3 qrs. 21 lb. of sugar cost £12, 3s. 4d., what is the value 
of 17 cwt. 2 qrs. 14 lb. ? 

59. If f of a stack of hay is worth £19, what is the value of seven 
such stacks? 

60. A piece of cloth, when measured with a yard measure which is 
two-thirds of an inch too short, appears to be 10^ yds. long ; what is its 
true length? 

61. If a pound weight of standard gold were worth £46, 14s. 6d., how 
much should one sovereign weigh? 

62. A bankrupt owes £900 to three creditors, and his whole property 
amounts to £675. The claims of two of the creditors are £125 and £375 
respectively. What sum will the- remaining creditor receive for his 
dividend? 
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Exercise 34. 
Exercises in Oomponnd FroiKxrtion. 

z. If 8 men can build S3 ft. of wall in 11 days, in how many dayi will 
12 men build 36 ft. ? 

2. If 10 men can do a piece of work in 6 days, working 10 hours a day, 
how many hours a day must 8 men work to complete the same under- 
taking in 15 days? 

3. If the carriage of 8 cwk. for 60 mUes be 19s., what ought to be the 
charge for sending 36 cwt. a distance of 38 miles? 

4. A railway company charges £1, 8s. 6d. for the carriage of 19 cwt. 
for 30 miles ; what weight ought to be carried 21 miles for 10s. 6d. at the 
same rate? 

5. If 180 soldiers are kept 14 days for £175, how many soldiers may be 
kept 27 days for £900? 

6. If a family of 9 people spend £120 in 8 months, how much will serve 
a family of 24 people for 16 months at the same rate? 

7. If I pay £1, 48. for the use of £80 for 6 months, how much must I 
pay for the use of £95 for 8 months at the same rate? 

8. A railway train, travelling at 30 miles an hour, travels from one 
station to another in 160 minutes; how long would it be travelling 3 
times as far if the speed be increased to 45 miles an hour? 

9. If 18 trucks of coal, each containing 7 J tons, be worth £200, what is 
the value of 31 trucks of the same coal if each truck contains 9 tons? 

10. If the expense of paving a court-yard, which is 21 ft. long and 
17 broad, be £36, 12s. 6d., what will be the cost of paving one side of a 
street which is 680 ft. long and 10^ ft. wide ? (Work this sum (L) as an 
exercise in Compound Proportion, and (2.) as an exercise in Simple Pro- 
portion.) 

11. A wall, which was 39 ft. long and 2 yds. high, was built foir £25; 
what was the height of another wall, which was built for £26, and was 
75 ft. long? 

12. If the rent of a farm of 17 acres 3 roods 3 poles be £39, 4b. 7d., 
what would be the rent of another farm containing 26 acres 2 roods 23 
poles, if 6 acres of the former be worth 7 acres of the latter? 
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13. A farmer sells a flock of 120 sheep for £1200, 10s. ; how many sheep 
were there in a second flock for which he received £1640, 6s. 8d., the 
price of each sheep in the first flock being to that of each sheep in the 
second flock as £60, Os. 6d. : £61, 10s. ad. ? 

14. If 18 apples are worth 14 pears, and 1600 pears are sold for £2 
17s. 6d., what is the price of 14400 apples? 

15. The cost of supplying a town with matches for 39 weeks being 
£17, Is. 8d., what would have been the cost of the matches used in the 
same town in 1 year if Mr Lowe's proposed tax had been passed, and the 
consumption of matches had been thereby reduced by one-fifth of the 
original consumption ? 

16. If the sixpenny loaf weighs 36 oz. when wheat is at 65s. per 
quarter, what should be the weight of an eightpenny loaf when wheat is 
60s. per quarter? 

17. If the second-class railway fare for 35 miles be 4s. 4jd., what must 
a first-class passenger pay for travelling 63 miles, if the first-class fare for 
3 miles be the same as the second-class fare for 5 miles? 

18. If a page of a newspaper, consisting of 6 columns of large priiit, 
contain 205000 letters, how many letters will be contained on the page 
of another newspaper which consists of 7 columns, each as large as one 
of the former, there being on an average 48 letters in the second news- 
paper occupying the same space as 41 in the first ? 

19. The price of 38 bags of oatcake, each bag of which contained 40 
lb., was £7, 6s. 8d., what was the weight in each of 27 other bags, if the 
total cost of the 65 bags was £11, 14s. 5d. ? 

2a If 40 men require £20 worth of bread in 10 days when wheat is at 
63s. per quarter, how long would £90 worth serve 54 men when wheat is 
at 56s. per quarter ? 

21. If 24 oxen require 6 acres of turnips to supply them for 10 weeks, 
how many acres would supply 6 score sheep for 15 weeks, on the sup- 
position that 3 oxen eat as much as 10 sheep ? 

22. If £25, lis. 3}d. pay the carriage of 15 tons 16 cwk. 14 lb. for 240 
mUes, what weight should be carried 180 miles for £76, 13s. ll|d., if 
the rate per mile in the second case be ^ of the rate in the first case ? 

23. If 35 men, working 8 hours a day, can build a wall 1700 yds. long, 
13 ft. high, and 2 ft. thick, in 130 days, how many hours a day must 40 
men work in order to construct a wall 1.^ miles long, 17 ft. high, and 2.J 
ft. thick, in 210 days? 
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24. A eanal, which waf 14^ miles long, 21 yds. wide, and 19| fi. deep^ 
was dug hy 1200 men in 8 months. What was the depth of another 
canal, which was dag by 1500 men in a year, it being 17^ miles long and 
72 ft. wide, remembering that the time employed in completing a mfle 
of the second canal, with a given nnmber of men, was (owing to greater 
difficulties in catting the rock) to the time employed over a mile of the 
first as 13 : a. 



Exercise 35. 
Miscellaneous Exercises involving Proportion. 

1. If 2-625 lb. of butter cost Ss. 8-625d., what will be the cost of 
183*75 lb. at the same rate? 

2. An orange-girl buys 100 oranges for 3s. 6d. Of these 4 torn oat 
bad. How many ought she to sell for a shilling, so that when all are 
sold she may have her first outlay and a profit of 2s. 6d. ? 

3. A railway train, going at the rate of 16f miles per hour, travels a 
certain distance in 4^ hours ; how long would a train, going at the rate 
of 203 miles an hour, be in travelling § of the distance? 

4. A man pays a house-rate of Is. 6d. per £1 on his rental ; a water- 
rate of Is. per £1 ; a poor-rate of Is. lO^d. per £1. Bent and rates 
amounting to £85, 6s. 3d. , what is the rent ? 

5. A farmer paid £780 for cows and sheep. Of this a^im he paid £350 
for 25 cows ; if a cow cost seven times as much as a sheep, how many 
sheep did he buy with the rest of his money? 

6. Which is cheaper— a piece of cloth yard-wide, at 4s. 6d. per yard, 
or one 27 inches wide, at 3s. 9d. per yard? If 12 yards of the former are 
sufficient for a dress, how much will be required of the latter? 

7. If 3 bushels cost 1*1 of a £, what will 33*4 qrs. cost at the same 
rate? 

8. How many yards of stuff } yd. wide will line a cloak that is 6} 
yds. in length, and 1| yds. wide ? 

9. If a person were to count 80 sovereigns a minute, and continue 
counting 12 hours each day, how many days would he be occupied in 
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counting one instalment of the French indemnity, sapposing the instal- 
ment to be 200000000 francs, paid in English money, and that four 
English shillings are worth five French francs ? 

10. If 3 men or 4 women can do a piece of work in 56 days, in what 
time will one man and one woman (working together) do the work ? 

11. The annual deaths in a town being 1 in 45, in the country 1 in 50, 
in how many years will the number of deaths, out of 18675 persons living 
in the town, and 79250 persons living in the country, amount to 10000? 

12. If A can do as much work in 5 hours as B can do in 6 hours, or as 
O can do in 9 hours, how long will it take C to complete a piece of work, 
one-half of which has been done by A, working 12 hours, and B, working 
24 hours? 

13. The income-tax being 7d. in the £, a person has to pay £63 less 
than when the tax was lid., although his income has decreased by £300. 
What was it at first ? 

i4« If 15 horses and 148 sheep can be kept for 9 days for £75, 15s., what 
Bom will keep 10 horses and 132 sheep for 8 days, supposing 5 horses eat 
as much as 84 sheep ? 

15. Thirty-five women can do as much as twenty boys, and sixteen 
boys as much as seven men; how many women can do the work of 
thirteen men? 

16. A pond, when full, can be emptied by one pipe in 72 minutes, and 
can be filled again by another pipe, which discharges 36 gallons a minute, 
in 22 minutes ; if the pond have 17 gallons of water in it, and both pipes 
be opened, how long will it take to fill? 

17. A and B fiire at targets, having 35 cartridges each. A fires twice 
in 3 minutes, and B three times in five minutes ; how many times will B 
have to fire after A has finished ? 

18. The weight of a cubic inch of water is 253*17 grains, that of a cubio 
inch of air '310017 grains ; how many cubic inches of air are equal in 
weight to one cubic foot of water? 

19. If 9000 persons, travelling 20 mileo weekly, give a railway company 
a net receipt of £900 in one week ; how many persons, travelling 30 miles 
weekly, will give a net receipt of £62400 per annum, when the cost of 
travelling per mile is reduced one-half ? 

20. A gallon of water weighs 10 lb., and a cubic foot of water weighs 
1000 ounces ; how many gallons are there in a cubic foot? 
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INTEREST. 

105. Interest is the sum of money paid for tiie nse of 
some other sum of money borrowed for a certain time, and 
at a fixed rate. 

Money is genenU j boirowed at lo mach for £100 for one year. 

''The Ftindpal" is the name given to the money 
borrowed. 

"The Amount " is the name given to the principal and 
interest together. 

** The Rate per Cent." is the name given to the interest 
on £100 for one year. 

Ex. J/ £100 be horrowtdfor 1 yta/r at 5 per cenL^^ 
The principal is £100. 
The interest will be £5. 
The amount will be £100 + £5 = £105. 

N.R 1. — " The rate per cent" always means "The rate per cent, par 
annum'' — i.e. ^^for one year" unless the contrary be expressed. 

N.B. 2.— In commerce several abbreviations are used— viz., % for 
**/)«• cent, ; " @ for " aJt ; " a/c for ** account; ** o/c for " on cuscount," 

When interest is reckoned on the original principal only 
(i.e. only on the sum of money first borrowed), it is called 
Simple Interest. 

Sometimes the interest is not paid as soon as it is du^ 
but is added to the original principal to form a new princi- 
pal, on which interest is again calculated for a certain 
period, and then this interest is again added to its princi- 
pal, thus forming a third principal, &c. In such cases the 
interest is called Compound Interest. 

Thus, if £100 be borrowed for 2 yrs., at 5 per cent, per annuTn, the 
•imple interest will be £10-^e. £5 for the first year, and the same for the 
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Heeond year ; but the compound interest will be £5 for the first year, and 
6 per cent, on (£100 + 5— t.e. on) £105 for the second year, i,e, — 
£5 + £5, 58., i.e» £10, 5s., i,e, 5s. more than the simple interest. 

I. Simple Interest. 

106. To find the Simple Interest on a given snm of 
money at a given rate per cent. 

Ex. 1. Find the Simple Interest on £025 at ^jper cent, 

(1.) The question may be expressed as one in Simple Proportion, thm — 

Jfthe interest on £100 be £4, what wiU he the interest on £925? 
From which we have — 

£100 : £925 : : £4 : the interest on £925. 

.'. The interest on £925 = ^ ^J^^ = £37, Answer. 

Or— 

(2.) We may reason thus — 

Since the interest is £4 for every " cent. ,"{.«. for every £100 borrowed, 
the total interest will be— > 

£4 X the nnmber of cents, borrowed. 

Now, the number of cents, borrowed = £925 -f- 100 = 9J. 

Therefore the total interest = £4 x 9| = £37, Answer, 

Hence the reason of the following rule— 

BULB.— Miatiply tbe Principal by the Bate per cent., and diyide 
the product by 100. 

Ex. 2. JFTiat is the Simple Interest on £368, Qs. Sd. at 5 per 
cent, ? 

Here the principal x the rate per cent. = £1841, 

138. 4d. Marking off two decimal places in the ^^^ - p, 

pounds {i.e. dividing by 100), we have £18-4L *>^bg, Ds. go . 

Multiplying the '41 by 20, and adding in the 13 £1841, 13s. 4d. 

shillings, we have 833 shillings, which, being di- 20 

▼ided by 100, gives 8-33 shillings. Again, multi- 8.8 33 

plying the '33 by 12, and adding in the 4d., we ^ 

have 400 pence, which, being divided by 100, gives *** *'^ 
^ pence* 

Answer, £18, 88. 4d. 
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107. To find the Simple Interest on a given sum of 
money at a given rate per cent, for any number of years 
or any portion of a year. 

By § 106 we can find the Simple Interest on any given mm at any given 
rate for one year ; it is clear, therefore, that the Simple Inters on any 
given sum at any given rate for any number of years may be-foimd by 
first finding the interest for one year, and then multiplying it by the 
given number of years, thus — 

Ex. 1. Find the Simple Interest on £925 for 2J yr«. cU 4 

per cent, per annum. 

By § 106, the simple interest on £925 for one year at 4 per cent. = 

£925 X 4 . 
100 * 
Therefore, the simple interest on £925 for 2i yrs. at the same rate = 

l?^4 ^ 2i = ^^ X I = £86. 6.. 84 
100 ' |00 3 

Hence the reason of the following rule — 

RULE.— Multiply the Principal by tbe Bate per cent, and by tbe 
number of years, and divide tbe product by 100. 

Ex. 1. Find the Simple Interest on £925 far 2 J yrs, at i per 
cent, per annum. 

£925 £925 
£ 4_ 

3700 £37 00 
2* Or, dividing by 100 ,.2^ 

?199 « « , earlier in the process, ^^ 
1233, 6s. 8d. we have— 12, 6b. 8d. 
£86-33, 6s. 8d. £86, 6s. 8d. 
20 

B.6-66 
12 



d. 800 Answer, £86, 6s. 8d. 

Ex. 2. Find the Simple Interest on £925 from January 6tt 
till June 17 thy 1871, at 4 per cent, per annum. 

From January 6th till June 17th is 162 days. (January 6th does not 
reckon as a day). 
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Therefore— ^J. . 

The Bimple interest = ^ tJl x ^ = ^^^^^^ = £16. 88. S^d. 

400 365 365 

^^ 

Ex. 3. Find the Simple Interest on £925 for 3 yrs, 73 days 
at 4^ per cent per annum. 

Here 73 days = J^ of a year (§ 71) = | of a year. 
Therefore, 3 yrs. 73 days = 3^ yrs. 

.•• The simple interest = £ ^ a- =, * ^. . ^ rr- = 

100 100 X 3 X 

;^0 s 

^7 X 13 X 4 ^ £1924 ^ ^^gg^ ^ jgj28. 58. 4d. 
5x3 15 

Ex. 4. Find the Amount of £1850 for 7^ yrs. at 3f per 
cent, per annum, 

87 8 9 

The simple interest = £^^ x 3i x 71 = ^yW ^ T ^ T "" 

2 

jg37 X 3 X 9 ^ ^999 ^ ^^^ ^q^ 

iu 2 

Therefore — 

The principal + the interest = £1850 + £499, 10s. 

= £2349, 10s., Answer. 



5, Find the Simple Interest on £850, II5. Sd. for 
249 days at £3, I65. Qd. per cent, per annum. 

249 
Here 249 days = =ir of a year ; 

365 

And £3, 16s. 6d. =£3|§; 
And £&50, Us. 3d. = £850^. 
,•. The simple interest on £850, lis. 3d. for 249 days at £3, 16s. 6d. 
per cent. = 

The simple interest on £850^ for ?^ yr. at £3|§ per cent. = 

365 

£au X £?52& y 249 _ «153 13609 ^ 249 _ p518462073 
«^nr * jQQ ^^3^5 ^^ X ^gQ^ ^ 3g5 - *- 23360000 "" 

^22^^ = £22, as. lOid. + Ans^. 



192 ARITHMETIC. 

Or, DedmalB and the xnethod of Practice — 

£850, lis. 3d. = £850^ = £850*5625. 
The simple interest on £850*5625 for 1 yr. at 1 per cent. s= 
Yh of £850-5626 = £8505625 

3 



lOs. = £J. 
5s. = J of 10s, 
Is. = ^ of 5s. 
Cd. = i of Is. 



£25*516875 
4*2528125 
2*12640625 
•42528125 
•212640625 



Therefore, £32*534015625 

30 



= IntereBl 


; at £3 per cent. 


~ »» 


10s. percent. 


" »f 


6s. per cent. 


** »f 


Is. per cent. 


^^ >» 


6d. peroenti 


— Total interest for 1 yr. 



365 £976*020468758t 



£2*67402868, &c = Interest for 30 days. 
50680312, &c. = „ 73 „ 



( 6*i 
\ 61 
( 6*] 



73 days = i of 1 yr. { 6-50680312, &o. = „ 73 

50680312, &0. = f, 73 

Therefore the total = £22*19443804 

20 



19 



8. 3'88876081St 
12 



d.lO*6651296 

Answer, £22, 38. 10jd.+ 

108. In the following cases the charges are usnally made 
at so much per cent., and the questions therefore resolve 
themselves into questions on Simple Interest, and may be 
'worked by the rule for Simple Interest given above 
(§ 107)- 

1. Commission, which is the sum of money charged by 

one merchant for buying or selling goods for another. 

2. Brokerage, which is that particular kind of commis- 

sion which relates to money transactions rather than 
to dealings in goods or merchandise. 
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3. Ihsnrance, which is a contract by which one party, in 
consideration of being paid a certain sum of money 
(called a premium), engages to restore to the payer 
the yalue of certain property in case that property 
should be lost. 

109* It will be noticed that questions in interest involve the con- 
sideratbn of four items— viz., L Principal; 2. Bate per Cent.; a 
Time ; 4. Total Interest ; and it may now be shown that when any three 
of these are given the fourth may always be found, as in the following 
example 



L To find the TIME, when the Principal, Interest (or 
Amonnt), and Rate are given. 



In what time Ml £380 ammnt to £433, S$, 9d. at 
6i per cent, per annum ? 

The interest = the amount - the principal 
= £433, 8b. 9d. - £380 
= £53, 8b. 9d. 

Now the interest on £380 /or one year at 6| per cent, a 

5 19 ' 

^*^1M *T m ^T"^^^'^ 

We have now reduced the question to one of Simple Proportion, thus— 

" Jfa 8um of money at a given rate produce an interest of £23, 16*. in 1 
year^ in what time will the same sum at the same rate produce £63, 8s, 9d, f " 

From which we get the following statement — 

£23, 15s. : £53, 8s. 9d. : : 1 year : Answer, 
f.e. £23} : £53^ :: lyear : Answer. 

...The time = lll^^ = ^ >< ^jr. = |yr.=2iyia 

N 
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U To find the PRINOIPAL, when the Bate, Time, and 

Interest (or Amount) are given. 

Ex. What sum of money put out to interest far 2 J yrs. ai 
6i p^ cent, per annum mil amount to £4:33, 8*. 9d, f 

The simple interest on £100 for the given time at the given rate wiU be 

£6| X 2\. 
.*. £100, put ont to simple interest for the given time at the given 

rate, wiU amount to £100 + £6i x 2J = £100 + £14^= £114^. 

We have now reduced the question to one of Simple Proportion, thus — 
" If £100 put out to interest for a given time at a certain rate per cent. 

amouiU to £114^, what sum of mxmey must "be put out for the same time al 

the same rate to am^ount to £433, Ss, 9d. f" 

From which we get the following statement — 

i>iij 1 . oAooT niAA . the principal which amounted 

£114^ : £433^ :: £100 : *^ to£433X. 

Therefore, the principal which amounted to £433^ = £ ^^^^}^ = 

ll*re 



N.B.— £100 is taken for the principal because of its convenience, bat 
any principal will obviously give the answer by the above method. 

ni. To find the RATE, when the Principal, Time, and 
Interest (or Amonnt) are given. 

Ex. At what rate per cent, per annum will £3S0 amount 
to £433, 85. 9d. in 2 J yrs, f 

As in Case I., by subtracting the principal from the amount, we first 
find that the interest is £53, 8s. 9d., i.e. £53^. 

Next J we assume any rate per cent., 1 per cent, being the most con* 
venient, and proceed thus — 

380 

Simple interest on £380 for 2| yrs. at 1 per cent. = £2^ x ^ = 

100 20 * » "• 

2 



^ 
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We hAYe now reduced the question to one of Simple Proportion, thus — 

** If £380 put out to simple interest for a certain time <U 1 per cent, pro- 
dvLce £8, 11«. interest, at what rate must it be put out to produce £53, 8^. 
9d, in tike same tim>e t" 

From which we get the following statement^ 

£S|^ : £53^ :: 1 per cent. : the rate which gives £53^. 

8 6 

Therefore the rate which gives £53^ = £^^4^ = J^ri" ^ ^^ 



^ ^t0 in 



= £5_^ = £^ = £6J, Answer. 
4 4 



4 



N.B.-rThe following particular cases of the above rules deserve atten- 
tion — 

1. A PARTICULAR CASE OF RULE 1. 

To find the time in which a sum of money will double 
itself if put out to Simple Interest at any given rate per 
cent, per annum. 



1. In what time will £8, 7s, double itself {i.e. gain 
£8, 7s.) if put out to Simple Interest at 6f jper cent, jper annum f 

Here we have — 

Interest : principal :: 6} : 100 

.*. Principal X 6| = interest x 100 

100 
.*. Principal = interest x g«; = interest X 16. 

Therefore, the principal must gain interest 15 times to double itself, 
^e. it must be put out to interest for 16 3rr8. 

Hence the reason of the following rule — 

BULB.— Divide 100 yrs. by the nmnber expresBlng tbe rate per 
cent. 

The advantage of remembering this rule will be better understood 
from the following application of it. 
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2. In what time mil £48, 12;. gain £12^ Zs. ai 6\ per 
cent per annum simple interest 9 

Here £12, 3s. is ^ of £48, 128. 

100 
And £48, 12s. will double itself ai 6} per cent, per ann. in f-^ %,e, in) 

16yrs. 
. •. £48, 12s. win gain (£12, 3s. «.e.) i of itself in } of 16 yrs., i.e. in 4 yrs. 

2. A PARTICULAR CASE OF RULE 3. 

To find the rate per cent, per annnm at which a snm of 
money will double itself if put out to Simple Interest for 
any given number of years. 



1. At what rate per cent, per annum will £71, is, 6cL 
double itself in 12 J p^s. ? 

Let T = the time in which ) • mi ^ i.t ^^ «« 

j« Ij. j. 1. ,., >a sum of money will donbleitaelt 
and R = the rate at which j 

Then, as above^ we haye 

T=f (1) 

From which it f oUowi, that 

T X B = 100 

and therefore, that 

B = ^ (n.) 

Hence the reason of the following rule — 

BnLB.~DiTlde 100 per cent, lay the given number of yeann 

Ex. 1 may be worked thns by the rule— 

1^8 

Therefore £71, 4s. 6d. must be lent at 8 per cent, simple intereel in 
order that it may doable itself in 12^ years. 

This role may also be advantageously applied thus — 
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2. At what rate jper cent, simjple interest must £96 be 
invested in order to gain £32 in 6§ ^s. f 

By the rule £96 will gain £96 in 6| yrs. at f ^, t.e. at j 15 per centi 
simple interest. 

.-. £96 will gain (£32, %.e.) i of itself in 61 yrs. at (i of. 15 per cent, 
%.€, at) 6 per cent. 



11. Compound Interest. 

110. To find the Compoimd Interest on a given snm of 
money at a given rate per cent, for a given number of 
years. 

From what we have already said (§ 105 and 107), the following rule for 
the above will be obvious — 

BULB.— Find tbe Simple Interest on the given Bum at the crimen rate 
for one year, add this Interest to the original principal, and take the 
amount as the principal for the next year. Repeat this process as 
many ttmes as required by the number of years in the question. The 
sum of the Interests found for each successiye year wlU be the Oom-^ 
pound Interest required. 



1. Find the Compound Interest of £S50 for 3yrs, at 6 
per cent, per a/nnum. 

The first year's principal s £850, Os. Od. 

interest = ^^ of £850 » 42, lOs. Od. 



9> «9 



•*• The second year's principal = £892, lOs. Od. 

„ interest = ifir of £892, 10s. = 44, 12s. 6d. 



If 



•*• The third year*s principal = £937) 28. 6d. 

interest = yg^ of £937, 2s. 6d. = 46, 17s. 1 Jd. 



>> )9 



•*. The principal at the end of the third year = £983, 19s. 7id. 
But the oiiginal principal s= 850, Os. Od. 

• *. The compound interest = £188, 198. 7jd. An9. 
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Or,*y 



= £lSl^lliLT^ 



It is often easier to woik out the answer by decunab^ 
dms — 



= £850 
= 42*5 



The Unt jeta^» 

yy y, iiiierest ^ yf^ of £850 

•*• Tlie weond year ■ prindpal 

„ „ Interest -= jh ^ 892'5 

•% Tlie third year^i prindpel 

„ „ interert^xfr of £937*125 

•*• The principel at the Old ol the third yeer 
Bat the original principal 

•*• The compound intereit 



=: £893-5 
= 44-625 

= £937-185 
= 46-85825 

= £983-96125 
= 850- 

= £133-98125' 
20 

8.I9-625S4 
12 



d.7-5M^ 

4 



•*. Amwer, £183, 198. 7)d. 



f.2-0 



Bomeiimei intereit ii payable half-yearly or quarterly, and in waxb, 
oaiei the Oompound Interest is different from that obtained when it if 
payable yearly, because in the former case, the interest being eooner 
added to the principal, the Oompound Interest increases faster. In all 
Buoh oaiei the interest must be added to the principal as soon as it is doe 
as in the following example — 

Ex. 2. Find the amount of £800 at Compound Interest for 2 
yr^ oi 5 per cent, per annum^ the interest being payable half* 
yearly. 

The operation will eyidently be the same as that for finding the com- 
pimiMl initrmi on £800/9r 4 ha^yean at 2^ per cenL per Aa(f-year. 
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Therefore— 

The principal for the first half-year s £800 

The interest „ „ = jj^ of £820 = 20 

•'. The principal for the second half-year = £820 

The interest „ „ = ^ of £820 = 20-6 



•*• The principal for the third half-year = £840'5 

The interest „ „ =^ of £8405 = 21*0125 

.". The principal for the fourth half-year = £861-6125 

The interest „ „ = ^ of £861*5125 = 21*5378125 

•*. The amount at the end of the fourth half-year = £883 0503125 

20 



B. 1-00625^8 
12 



Answer, £883, Is. *076d. d. 075MI 

Ez. 3. What sum of money put out at 5 per cent. Compound 
Interest will amount to £8372, 25. ^^d. in 2^ yrsJ 

Fir8t-£S372, 2s. 21d. = £8372109375. 

Second— Tskmg £100 as a *' trial-principal,'' we find that £100 in 2| 
yrs. at 5 per cent. Compound Interest amounts to £111*628125, 
from which we get the following question in Simple Proportion — 

" 7f £100 amounts to £111 '628125 when put out to Compound Interest for 
the given time and at the given ra/te, what sum of money mU amount to 
£8372*109375 in the same time and at the same rate t " 

Which may be resolved into the following proportional statement — 

£111*628125 : £8372*109375 :: £100 : the Answer. 

Therefore, 

Th^ Answer = £8372*109375 x 100 ^ ^^^ 

111*628125 

111. Before leaving the subject of Compound Interest, it may be as 
well to explain another method by which the "AMOUNT'' of a sum of 
money may be calculated at Compound Interest. 
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In finding the Oomponnd Interest at any rate per cent, the second 
principal is found by adding to the original principal a fraction of itself, 
which fraction has the rate per cent, for its numerator, and 100 for its 
denominator. 

Thus, in calculating Compound Interest at 6 per cent, per anniiTn, we 
add to the first year's principal ih o^ itself to make the second year's 
principaL 

The same thing is repeated to find the third principal, and again to 
find the fourth, &c ; so that, to take an example, in calculating the 
Compound Interest at 6 per cent, on £850 for three years, we have — 

The ^st principal = the given sum = £850. 

The second principal = the first principal + j^ of the first pxinoipal 

= lyf^ of the first principal 

= 1*06 of the first principal 

= £850 X 1-06. 
The third principal = the second principal +rh ^^ ^^^ second principal 

= ItSo of the second principal 

= 1*06 of the second principal 

= (£850 X 106) X 1-06 

= £850 X (1-06)9. 
The amountf which \ 
is another name for > = the third principal + z^hf^ ^^ third principal 
the fourth principal ) 

= IyStt o^ ^^0 third principal 

= 1*06 of the third principal 

= -{ £850 X (1-06)2 }. ^ i-oe 

= £850 X (l-06)«. 

Now, it will be noticed that, in the above formula, the decimal fraeiitm 
is raised to the same power as the number of years for which compound 
interest is to he calculated^ from which we may deduce the following 
rule — 

RULE.— To find the sum to wUcb any principal will amount !f 
put out to Compound Interest at a crimen rate in a giyen nnmber of 
years, add a hundredtb of the rate to 1, raise the sum to that 
power which is denoted by the fsXyva number of years, and multiply 
the result by the number of pounds In the given principal. 



1. Find the Amount of £850 in 3 yrs, at 6 per ceni. 

Compound Interest, 
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^ the rale— 

The amount = £850 x (1*06)* 
= £850 X 1-191016 
= £1012-3636 
= £1012, 7b. 8*264d., Armoer, 

It will be seen that the difficnlty here is to find the third power of 1-06, 
which dificulty would have been considerably increased if the given 
number of years had been greater. This difficulty may be overcome by 
the use of Compound Interest Tables, or by the use of TaMes of Logarithms, 
or it may be obviated by the following arithmetioal process — 

(1.) Calculate the amount a^ Compound Interest on SXfor the given time 
at the given rate. 

Thus, to take the above example — 

£1 = the principal for the first year ; 

Therefore £1 '06 ^ the amaun^ at the end of the first year. 
And ^ of £106 
= T^ of £6-36 = -0636 

Therefore £1*1236 = the amount „ second „ 

And jh of £11236 = -067416 

Therefore £1-191016 = the amount „ third „ 

(2.) Multiply the amount of £1 by the number of pounds in the principal, 
thus — 

£1-191016 X 850 = £1012-3636 = £1012, Zs. 3-264d., Answer. 

[If the Compound Interest were required, it would be found thus— 
The amount = £1012, 7s. 3'264d. 
The principal = 850, Os. Od. 

The interest = £162, 7s. 3-264d., Answer,] 

Ex. 2. Let it now be required to find what Principal will 
amount to £1012-3636 in 3 yrs, at 6 ^er cent, per annum Com- 
pound Interest, 

From the preceding explanations, we see that— 

The pounds m the principal x (l-06)« = £1012-3636 
.'. The pounds in the principal = £10123636 -r- (1-06)8 

= £1012-3636 -M-191016 
= £850, Anstcer, 
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Ez. 3. Let it now he required to find at what Bate of Com* 
pound Interest X850 wiU in 3 yrs. amount to X1012-3636. 

Let B = the number expressing the rate per cent, per M>Tiiifn, 
Then we hare— 

£850 X ( 1^ y = £1012-363d. 
.-. £1012-3636 -^ £860= (l^Vj 
ie. 1191016 = ( 1 i^ )*; 
.•.^1-191016 = 1^; 

i.e. 1-06 = 1^. 
Sabtracting 1 from each aide of the equation, we hayo — 

100 
Multiplying each side of the equation by 100, we have^ 

6 = R 
Therefore the rate per cent. = 6, Antwer, 

[It is evident that when the number of years is greater or more com- 
plicated, the use of logarithms is required to solve the equation,] 

Ez. 4. Let it now be required to find the Time in which X850 
mil amount to £1012-3636 when put out to Compound Interest 
at 6 per cent, per annum. 

Let T = the time in years. 
Then we have— 

£850 X (1-06)' = £1012-3636. 
Therefore £1012-3636 -~ £850 = (I'OO)'; 
i.e. 1191016 = (106)'. 
By Logarithms we find that '*T" must be 3, because 1*06 nuut bo 
raised to the third power to make 1*191016. 

Answer^ 3 years. 

112. A few examples involving questions of Interest 
are here given — 
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Ex. 1. What is the amount of an annuity of £150 left un- 
paid for 4 years, Compound Interest at 4 per cent, per annum 
being allowed thereon ? 

Note.— When an annuity is payable at present, it is said to be in pos- 
session; but between entering on possession and the first payment of 
the annuity, one of the equal intervals at which the annuity is payable 
is always supposed to elapse. 

The Amount of an annuity, the payment of which has been forborne 
for a certain number of terms, is the sum of all the payments, each im- 
proved at Compound Interest, from the period of its becoming due until 
the whole is paid. 

At the beginning of the second year there is due . • £150* 
• *. The interest due at the end of the second year is . . 7*5 

The annuity due at the end of the second year for that year is £150 * 

•*. The principal for the £Atr(2 year will be . • • • £307*5 

15-375 

• ' ^^' 

. . £472-875 
23-64375 

. The Answer = £646*51875 = £646, IDs. 4jd. £646*51875 

2. The value of a vessel and its cargo being £35588, for 
what sum must it be insured at the rate of 12 J per cent, so that, 
if lost, its ovmers may recover both the value of the ship and 
cargo, and also the premium paid as insurance f 

The following process will show the reason as well as the meth^ by 
which exercises of this kind may be worked^ — 

The insured value = the real vaZue+theper-centage on the insured value. 
• *. The insured value - th^per-centage on iheinsured value = the real value; 
i.e. The insured value - 12i) per cent, on the insured value = the real value; 
i.e. The insured value -\iof the insured value = the real value ; 
f.e. i of the insured value = the real value; 
i,e, 7 times the insured value = 8 times the real value 

= 8 times £35588 
= £284704; 
The insured value = }ot £284704 = £40672, Ansiver, 



The interest „ „ 

The annuity „ „ • 

The principal for the fourth year will be 
The interest „ „ 

The annuity „ „ 



• • 
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The reason is not so apparent, but the labour is less, in 
the following method — 

SXQO - the per-eentage : £100 :: £35588 : the inturtd value ; 
i.e. £87^ : £100 :: £35588 : the intured valve. 

.-. The inwred value = £355§|x^ _ ^^g^^, Anewer. 

The reason of the ** statement *' made in this method is that every £87| 
must be insiired as £100 in order to recover this £87i and the premium 
of £12^ upon the £100 insured. 

N.B. — If the question had been put thus — 

"At how much above its real value must a ship toorth £35588 he insured 
at a ra^ of 12i) per cent., so that if lost the owner may recover the value 
of the ship and cargo, and also the premium paid upon the insurance f 

The answer would be found thus — 

The insured value, as found above = £40672 
The real value = 35588 



•*. By subtracting we get • • £CO&i, Answer. 

3, What is the premium of a policy of life assurance 
for £4000 upon the life of a person aged 40, when it is fou/nd 
by the tables that for every £100 assured such a person must 
pay £3, 75. 6A a year ? 

£3, 7s. 6d. = £3i. 
.-. The premium = £31 x £^ = £31 x 40 = £135, Answer. 

Ek. L The rent of an estate is £46, IO5. 7Jrf. / if A$ 
estate were bought at 20 yrs, purchase at a rent which was to 
the other rent 05 4 : 3, what was the price of the estate f 

(L) The second rent : the first rent :: 4 : 3; 
{.e. The second rent : £46, 10s. 7^d. :: 4 : 3; 

.-.The second rent = j ^^g* lOs . 7^d;_x_4 _ ^gg, Os. lOd. 

o 

(2.) If 20 yrs. purchase be given for an estate, it follows that — 

The price = 20 times the rental 

= 20 times £62, Os. lOd. =r £1240, 16b. Sd., Avjnmr. 
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Exercise 36. 
Exercises in Simple Interest. 

z. Find the Bimple interest on £600 at 3 per cent. ; on £800 at 4 per 
cent. ; on £1200 at 2 per cent. ; on £150 at 4 per cent. ; on £1720 at 5 
percent. 

2. What is the simple interest on £250 for 4 yrs. at 3 per cent. ; on 
£1720 for 3 yrs. at 5 per cent. ; on £1832 for 20 yrs. at 10 per cent. ; 
on £650, 10s. for 8 yrs. at 5 per cent. ; on £1728 for 6 yrs. at 4 per 
cent? 

3. Calculate the simple interest on — 

£280 for 4 yrs. at 2^ per cent. 
£760 for 7 yrs. at 3} per cent. 
£1250 for 8^ yrs. at 3} per cent. 
£1605 for 1\ yrs. at 6| per cent. 
£3325 for 17i| yrs. at 6^ per cent. 
£324, 6s. 8d. for 8 yrs. at 3j per cent. . 
£1923, 8s. 4d. for 6 yrs. at 1^ per cent. 
£2170, 13s. 4d. for 2| yrs. at 3i per cent. 

4. Find the amount of the following sums at simple interest — 

£650 for 8 yrs. at 2i) per cent. 

£1725 for 3^^ yrs. at 3} per cent. 

£533, 6s. 8d. for 2} yrs. at 1\ per cent. 

£1717, 13s. 4d. at 3^ per cent, for 10^ years. 

£2019, 68. 3d. at 4f per cent, for \\ yrs. 

£1011, 17s. 3d. for 3 yrs. 5 months, at 7 per eent. 

£827, 14s. 6d. for 2} yrs. at £8, 5s. per cent. 

£3920, 16s. for 6 yrs. 7 months, at 2| per cent. 

£3396, 18s. 8d. for 5 yrs. at £3, Is. 3d. per cent. 

£700, 10s. for 2 yrs. 9 months, at £3, 2s. 6d. per cent. 

£20500, 13s. 6d. for 8 yrs. 11 months, at £9, Us. 6d. per cent. 

5. Find the simple interest on £385, 148. 7d. for 5 yrs. 219 days, at 3} 
per cent, per annum. 

6. What will be the simple interest of 729 francs, 75 centimes, for 5 
yrs. 4 months, at 3 centimes' interest per annum for each franc lent? 

7. What is the simple interest on £154, 16s. 8d. for 4 yrs. 219 days, at 
per cent, per annum ? 
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8. find the nrnple interert on £5208, 16f. at 7| per eeni. foe 11 weeks 
andSdAyi. 

9. Find the simple interest on £742; 19s. id. at 3) per cent, for 3 jn. 

6 months. 

la Find the simple interest for 3 yrs. 73 dajs, on £233; 9b. 3|d. at 4 
per cent, per annum. 

11. What is the interest of £36, 13s. 4d. f or 3 yri. 13 wks., at ^ per 
cent, per annum ? 

12. What is the simple interest of £2500 at 4) per cent, per annum for 

7 yrs. 21 wks. 3 days ? 

13. Find the sii^ple interest ci £215, 12s. for 3 yrs. 73 days, at 4| per 
cent, per annum. 

14. Required the amount of £450 in 3 yn. and 35 days, at 3} per oenti 
per annum simple interest. 

15. Find the interest on £189, 16s. 6d. for 341 days at 3| per cent, per 
annum. 

16. Find the amount of £5433, 13s. ll^d. f <» 5 yri. 5 months, at ^ 
per cent, per annum. 

17. Find the simple interest on — 

£516258 at 3} per cent, for 2} yrs. 
£735416 at 3^ per cent, for 4 yrs. 6 months. 
£756419 at 2*2 per cent, for 3*5 yrs. 

18. Find the simple interest on £8250, from March 24th to June 5th, at 
6 per cent, per annum. 

19. Find the amount of £460, 13s. 4d. when put out to simple interest 
from July 4th, 1825, to September 15th 1831, at 6} per cent, per annum. 

20. What is the amount of simple interest due on £800, 10s. 6d., if it 
be lent at 3} per cent, per annum from January 25th to June 20th ? 

2T. At what rate per cent, must £75 be put out for twelve months that 
at the end of that time it may amount to £81 ? 

22. At what rate per cent, will £1912 amount to £2629 in 7i years at 
simple interest ? 

23. What sum of money lent at 4} per cent, per annum for 7 months 
will yield interest £17, Os. 9|d. ? 

24. What principal put out to simple interest will produce £157, lOs. 
of interest in 4 years at 5 per cent. ? 
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25. What sum of money put out to simple interest will amount \q 
£418, 14s. ll}d. in 3 yrs., at 3^ per cent per annum? 

26. If £417, 18s. 4d. amount to £454, 98. 8^d. in 3} yrs. at simple 
interest, what is the rate per cent. ? 

27. What sum of money put out at simple interest will amount to 
£201, Os. 7id. in 3} yrs., at 4| per cent. ? 

28. Find the principal, of which the interest for 3^ yrs. at 2^ per cent, 
simple interest will be £551, 18s. 6|d. 

29. In how many yean will £2977, 18s. 4d* amount to £3446, 18s. 9|d. 
at 3} per cent, simple interest ? 

30. The interest on a sum of money at 3 per cent, per annum for 2^ 
yrs. is £17725 ; find the principaL 

31. Find the sum of money which, put out at 4} per centw simple 
interest, produces an income of £168, 15s. 

32. What sum of money put out for 3 yrs. at 3} per eent. simple 
interest will amount to £384988, 18s. l^d. 

33. If the simple interest of £725, 10s. for a certain time at 3 per cent. 
per annum is £21, 15s. 3id., at what rate per cent. wHl the same sum 
amount to £785, 8s. 0)d. in the same time ? 

34. In what time will £229, 10s. amount to £258, 3s. 9d. at 5 per cent, 
per annum, simple interest ? 

35. In what time will £158, 6s. 8d. amount to £176, 148. 8d. at 3 per 
cent, per annum simple interest ? 

36. For how many years must £418342 be lent at 2^ per cent, simple 
interest that it may gain £7320985 ? 

37. In what time will £618053 gain £1004336125 if let out at 31 per 
cent, simple interest ? 

38. In what time will £956384 amount to £104564648, if let out to 
simple interest at 2^ per cent. ? 

39. If £735416 gain £11582802 in 4} yrs. simple interest, at what 
rate was it lent? 

4a If £756419 become £814663263 in 3 yrs. 6 months, what would 
have been the simple interest on £1400 in double the time, at the samo 
rate? 
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Exercise 37. 
Exercises in Componnd Interest 

X. find the oompotind interest on £800 for 2 yrs. at 6 per cent, 

a. Find the amount of £1620 for 3 yrs. at 10 per cent. 

3. What will be the value of £1830, lOs. in i yean' time^ compound 
interest being calculated at 5 per cent, per annum? 

4* Find the compound interest on~ 

£759428 at 5 per cent, for 3 yrs. 

£864235 at 6 per cent, for 2 yrs. 

£716418 at 4 per cent, for 2 yrs. 

£400 for 3} yrs. at 6 per cent. 

£675, 15s. for 3 yrs. 6 months, at 6 per cent, per annum. 

5. What is the difference between the simple and the compound 
interest on £860, 8s. 4d. in 3 yrs. at 5 per cent. ? 

6. Find the difference between the amount of £850, 148. 2d. for 2) 
yrs., at 4 per cent, at simple interest and at compound interest. 

7. If £960 be lent for 2 yrs. at 4 per cent., what is the difference in 
the compound interest when it is paid half-yearly as compared with that 
when it is paid yearly? 

8. What principal must be put out to compound interest for 3 yrs. at 
5 per cent, to gain £78, 16s. 3d. ? 

9. At what rate per cent, of compound interest must £750 be lent 
for 3 yrs., in order that it may amount to £843648? 

10. Find the amount of £6500 in 2 yrs. at 10 per cent per annum, 
the interest (compound) being payable half-yearly. 

11. To what sum will £850 amount in 4 yrs. 6 months, at 4} per cent, 
compound interest ? 

12. What is the compound interest on £8000 in 4 yrs. at 2} per centif 
interest being payable half-yearly? 
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Exercise 38. 
Miscellaneous Examples. 

t. What is the contmission on £850, 10s. at i per cent. ? 
s. What is the brokerage on £200, 10s. at 6s. 4d. per cent. ? 

3. What is the premium of insurance on £1351, 3s. 4d. at £2, 16s. lO^d. 
per cent. ? 

4. What is the expense of insuring a vessel and cargo worth £5060, 10s. 
at Si per cent. ? 

5. A vessel was insured for £2056, 17s. lid., which sum covered the 
value of the ship and cargo and the cost of insuring it at 5J per cent. ; 
what was the value of the ship and cargo ? 

6. At £9, 8s. 4d. per cent., what is the cost of insuring goods which 
are worth £2450, so that in case of loss the owner may recover the value 
of the goods and also repayment of the premium? 

7. To £1810, 10s. add the simple interest for 3 yrs. at 2^ per cent., 
and find the insurance on the **sum*' at 3J per cent., and add it to the 
former " sum." Then find the commission on the total at 3s. 4d. per 
cent. 

8. At 8| guineas per cent., how much must be insured on £1440, so 
that in case of loss the owner may receive the value of the goods and the 
premium ? 

9. If a man insures his life for £1000 at the yearly rate of £60, and dies 
immediately after his fifth annual payment, how much does the company 
lose by the transaction, reckoning money at 5 per cent, compound interest? 

za A servant deposits in the Post Office Savings Bank £1 each quarter 
out of her wages ; simple interest at the rate of Jd. a month is allowed 
for each pound completed, and this interest is added to the principal at 
the end of each year. What sum will she possess at the end of 10 yrs. ? 

11. A labouring man deposits at the end of each month, out of his 
wages, 30s. 4d. in the Post Office Savings Bank ; simple interest at the 
rate of ^d. in the month is allowed for each pound completed to the end 
of the year, when the interest is added to the principal ; how much did 
he thus lay up in 11 yrs. ? 

12. A servant is able to put in the Government Savings Bank a sum of 
£2, 15s. the last day of each quarter ; calculate her savings after 12 such 
payments, interest being calculated as in Ezs. 10 and 11. 

(N.B. — Each year is calculated from the date of the first deposit.) 

O 
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DISCOUNT. 

113. Discount is the sum allowed by a creditor to his 
debtor for the payment of money before it is due. 

If a person is under an obligation to pay a certain sum of money at 
some future time, he may arrange with his creditor to discharge the debt 
at once. And it is evident that he would be doing his creditor no in- 
justice by paying him a smaller sum at once than he would if pa3rment 
were deferred until it could be legally claimed. It is also evident that 
the. deduction which the creditor will be willing to make on account 
of immediate pa3rment will be mainly influenced by the current rate of 
interest ; because, if interest be high, he will be able to lend the money 
on advantageous terms, but if interest be low (in other words, if money 
be plentiful) it will not be so much to his advantage to have ready money 
at his disposal, and therefore he wiU allow less Discount in the latter 
case than in the former. 

We may therefore consider this point established that — 

(1.) Tfie Bate of Discount varies directly with the Rate of 
IrUerest. 

Discoimt 18 most commonly allowed on the payment of Bills or Notes 
of Band, which are written engagements to pay money at a future time. 
Thus, in purchasing a house, the buyer may either pay ready money or 
give a Promissory Note for an amount which will be payable in 3, 6, or 
12 months (or any other specified time), but, for reasons giv^n above, 
in every case the note wiU be drawn for an amount greater than that 
which the seller would accept as a present payment in cash. It may be, 
however, that the seller requires some ready money ; he wiU therefore 
take the I^omissory Note to a banker, who, if he considers the credit of 
the drawer good, will give him cash for it after deducting from the amount 
stated in the note the Simple Interest thereon at the current rate. The 
sum of money thus deducted is usually called " discount," but as we 
shall now see, it is but improperly so called. Thus, if the ready-money 
price of the house above-mentioned were £800, and the current rate of 
interest were 4 per cent., the seller would require a I^omissory Note pay- 
able in, say 6 months, for (£800 + simple interest on £800 for 6 months 
at 4 per cent., i.e. £800 + £16, t.e.) £816, because this is the sum to 
which £800 would amount in the given time at the current rate of interest. 
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It is here plain that t?ie Present Worth of £816 due in 6 months at 4 
per cent* (t.e. the principal which, being out at that rate for that time, 
wiU produce £816) ie £800. 

But a banker would give £816— the simple interest on £816, i.e, £816 
—£16, 6s. 4*8d., i.e. £799, 13s. 7*2d. for the note, ie. 6s. 4*8d. less than 
the real Present Worth. 

By carefully comparing the above remarks with this last given example, 
we are enabled to lay down the following additional points concerning 
Discount : — 

(2.) The (real) Present Worth of a Bill or Promissory 
Note is such a sum of money as, being put out to simple interest 
ctt a given rate per cent, and for the given time, toUl amount to 
the debt, 

(3.) There are two kinds of discount, viz. — 

1. Bankers', or Oommercial Disconntr which is the simple interest 

on the future debt. 

2. True Diseount, which is the abatement made on the payment of 

a debt before it is due, and is the simple interest on the present 
worth * of the debt. 

Hence — 

The future debt - the present worth = true discount. 

(4.) Banker^ Discouhi exceeds True Discotmt by the Simple 
Interest on the True Discount, 

Thus, in the above example, we have— 
Bankers' discount = simple interest on £816 

ss simple interest on £800 + simple interest on £16 
ss £16 + simple interest on £16 
True discount ~ simple interest on £800 

b£16 
•% Bankers* discount - true discount » £16 + simple interest on £16 - £16 

K simple interest on £16 
B simple interest on true discount. 

* Unless otherwise specified, " the present worth *' always means " the 
real present worth." 
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The same proposition may be demonstrated generally, as 
follows : — 

Since — 

Present Worth + True Dieeount = Debt 
. •, Simp. int. on {Present Worth + True Discount) =simp. int. on D^t, 
And.*. {Pres, Tror«A+Bimp.int.onPre». Worth) -h} __ (Z>e&<+ simp. int. 
{True Disc. +Bimp. int. on True Discount) y ~ \on D^t, 
But — Pres, Worth + simp. int. on Pres. Worth = Dd)U 

. *. True Disc. + simp. int. on True Discount = simp. int. on Debt. 

.*. Simp. int. on D^t-Tru^ Discount =Bim'p. int. on True Discount. 

i.e. Bankers^ Discount - True Discount = simp. int. on Trtie Discount, 

If £100 were put out to simple interest for 1 3rr. at 5 per cent., it would 
amount to (£100 + £5 t.e.) £105. Now we see tliat the present worth of 
£105 due in 1 yr. at 5 per cent, is £100. Further, it is evident that £5, 
which is the simple interest on £100 for the given time at the given rate, 
is also the true discount on £100 increased by that simple interest ; and 
we state generaUy, that — 

(5.) The Simple Interest on a sum of mmisyfor a given time^ 
at a given rate, is equivalent to the True Discount on a sum of 
money which is made up of the former sum increased by the 
Simple Interest thereon. 

Or— 

The Simple Interest on the Present Worth of a BUI is equiva- 
lent to the True Discount on the Nominal Value * of the BiU, 

Let P. = principal 

S. I. = simple interest. 
T. D. = true discount, 
p. c. = per cent. 
Then— 

S. L at 5 p. c. on P. = T. D. at 5 p. c. on (P. + S. I. at 5 p. c on P.) 
*.«. dhr of P. = T. D. at 5 p. o. on (P. + 1^ of P.) 
i.e. ^ of P. = T. D. at 6 p. o. on (P. + ^ of P.) 
as T. D. at 6 p. c. on 1^ of P. 
sK T. D. at 5 p. c. on ^ of P. 

* The nominal value of a bill is the amount for which the bill is dra'vi^. 
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Multiplying each side of the equation by 20, we get — 

P. = T. D. at 5 p. c. on 21 P. 

Dividing each side of the equation by 21, we get — 

p. 

of = T. D. at 5 p. c. on P. 



k m 



Here we observe, that while we divide P. by 20 to find S. I. thereon at 
6 p. c, we divide P. by (20 + 1, t.e. by) 21 to find T. D. thereon at the 
same rate ; and, generally, we may observe that— 

■ Bate 
(6.) T. D. on p. = p. X jooT^j^ 

Ex. T. D. at 4 p. o. on P. = P. x ^^*^^ = P. x jfj = P. x A» 

The rule for finding both simple interest and true discount may be 
stated as follows — 

-Let P. = principaL 

RULE 1.— Take the rate per cent, as the numerator of a fraction 
liavlng lOO for its denominator, then P. x this traction gives the 
simple interest. 

2. (a.) Increase the denominator of the fraction obtained in the 
former case by the rate per cent, then P. x this flnustion gives 
the true discount. Or— 

(6.) Beduoe the fraction ^^^^ to an equlTalent fraction haTlng 

1 for its numerator, and increase the new denominator by 1. Then 
P. X by this new fraction gives the true discount. 

Ex. To find S, I.at^p.c 

4 1 

Multiply P. by j^ ».e. by gg ; 

ie. Divide P. by 25. 
To find T, D, at^p.e, 

(a.) Multiply P. by jjqqjj = I04 = ^ ' 
i.e. Divide P. by 26. 

4-^4 1 1 

(6.) Multiply P. by (100^4) + 1 = 26T1 = 26" 
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Questions involving the consideration of Time are 
worked by this rule as in the following example — 

8x4 32 1 

a I. onP. for 8 yra. at 4p. c. = -j^ o^P- "^loo^' ^* "^ 3f ^' ^• 

32 32 1 

T. D, on P. for 8 yra. at 4 p. o. = ioO~+~32^^ ^* ^ l32 *^^ ^* ~ IT**^ ^' 

«(byRule26.)3-j^of P. =^ofP. 
It sliould be carefully noted that— 

The True Discount at 4 pet' cent, isnot* ^tfte True DiscowiU 
at 8 per cent,, ruyr in any such case — 

For T. D. at 4 p. 0. = 26 ^^ ^« / 

2 ? where 13} is KOT } of 26. 

But T. D. at 8 p. o. =» J31 of P. I 
Also, that — 

(7.) The True Discount on a swm of money due in 4 yea/rf? 
time is not * \ the True Discount on tlie same sum due in 8 
years' time, nor in any such case — 

16 1 

For T. D. at 4 p. c, for 4 yrs. = jjg of P. =-sj of P. 

32 1 

But T. D. at 4 p. o. for 8 yrs. = j^g of P. = |t of P. 

Where we notice that 4| is not ^ of 7}. 

114. In Great Britain and Ireland there is an interval of three days, 
called " Days of Cfrace" allowed between the date on which the payment 
of a bill becomes nominaUy due, and that on which it becomes legally 
due. 

Thus, although a liU for £500, dravm on August 3rd at three months, 
would become nominally due on November 3rd, it would not be legally 
due before November 6th, and a banker would include these three days in 
calculating the number of days for which he was deducting discount when 
finding the present worth of a bill. 

A bill which falls nominally due on February 29th, 30th, or 31st, or on 
the 31st of any month having only 30 days, is in every case legally due 
on the 3rd of the following month. 

In Great Britain all bills legally due on Sunday are paid on Saturday, 
but in Ireland on Monday. 

* i,e, ''Does not exactly correspond with," "is not exactly equal to." 
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Ex. 1. TFTkU is the true discount on ^612^ 17^. 6d, due 9 
months hence at 5 per cent, jser annum ? 

We will do this in two ways — 
(1.) By the Rule 2&.— 

Simple interest on £612, 17s. 6d. for 9 months at 5 p. o. 



= I of y?^ of £6X2} 

20 

• =|of£612} 

= gljof£612J. 
•*• Ti-ae discount on £612, 178. 6d. for 9 months at 5 p. c.= 

(56rri= ) Aof£6i2i=l°**T=^»'-<»«*- 

(2.) By Case n, of Simple Interest— 

1st. FiTid the present worth of £612, 17«. 6(2. due in 9 months time ai 5 
t). c per annum; i.e. — 

Find what rum of money put out to simple interest at5 p, e, per annum 
will amount to £612, 17«. 6<2. in 9 Tnonths, 

Here £100 in } yr. at 5 p. c. wiU amount to £100 + £3] = £103}. 

.'. £103} : £100 :: £612| : iU present worth, 

.-. The present worth of £612| = ^^^^jil ^^ = £590, 14s. 5|id. 

10<5§ 

2nd. From, the nominal value (i.e, the amount of the future debt) sub* 
tract the present worth of the bill, 

£612, 17s. 6d. - £590, 14s. 5|}d. = £22, 8s. 0||d., Answer. 



2. WTiat does a hanker gain by discounting a hill of 
£612, 17$. 6d.f drawn July \2th, at 4 rrumths, a/nd discounted 
September Zrd, at 5 per cent, ? 

The bUl was legally due November 15th, and disconnted on Septem- 
ber 3rd, i,e, 73 days (or ^ of a year) before it was legally due. 
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We win work this Bum also by two different methods, viz.^ 

(L) Since bankeri discount exceeds true discount by the simple interesi 
on the true discount, we proceed thus — 

S. I. on £612, 17s. 6d., for 73 days at 6 p. c. = 
i of ^fty of £612, 17s. 6d. = ^ of £612, 17s. 6d. 

• •. T. D. on £612, 178. 6d. = (iW+i = ) T^ °' ^^^* ^'^^- ^ 
Now S. I. at 5 per cent, for J of a year on j^ of £612, 17s. 6d, — 



i.e. The difference between bankers* ^ — -^ of y^ of £612, 17s. 6d. 
discount and true discount on that sum > = 
for that time and at that rate 



) = rb of T*T of £612, 17s. 
> = TTfhru of £612, 17s. 6d. 
) •= IB. i^-^%CL, Answer. 



(2.) S. L on £612| in J yr. at 5 p. o. = yi^ of £612| = £6, 2s. 6Ad. 
T. D. on £6121 in i yr. at 5 p. o. i= y^ of £612| = £6, Is. i^^^ 

Therefore the difference = Is. 2^\^d. 

A consideration of the connection which we have shown to exist 

between the rules for finding Simple Interest and True Discount will be 

found useful in working such exercises as the one next following. (Page 

217.) 

Let P. = principaL 
By the rnle— 

P. 
(1.) S. I. at 5 p. o. on P. = ^, and 

T. D. at the same rate on P. = — — — = ^. 

P. 

(2.) S. I. at 4 p. a on P. = 2^, and 

T. D. atthesame rate on P.= - iJ^' , = ^; 

26+1 26 ' 

and a similar connection exists between the denominators of these 
fractions in all cases where simple interest and true discount are found. 

We are therefore and thereby enabled to establish the following pro- 
portions — 

T.D. atSp. con s. I. at 6 p. c. on that sum :: ?i : ?^ ; 
a sum of money * *^' ' **" " *^* **• " *^"*'' ""^ "21 20 

«*«. ^^Sl'm^JjK'J'n^'^ ' S. I. at 5 p. c. on that sum :: 20 : 21.; 
a sum 01 money '^ ' 

and, generally, we may state that — 



DISCOUNT. 217 

(8.) T, D, at any given rate upon P, : 8. L at the same rate 
upon P, : : the number by which we divide P. to find S. L 
thereon : the number by which we divide P. to find T. D, 
thereon. 

Ex. Bankers' discount at 5 per cent, = £32, lis, 6d. ; Jmd true disctnint 
Qn the same amount. 

True diseouut : bankers' discoimt : : 20 : 21 ; 
%,e. True discount : £32, 14s. 6d. : : 20 : 21. 
.*. 21 times true discount = 20 times £32, 14s. 6d. 

.-. True discount = £32, 148. 6d. x 20 ^ ^^^ ^ ^^ An^ufer, 

ZtX. 

115. In some brandies of business it is usual to mark goods at a 
certain per-centage above the price which the seller is willing to take for 
his goods. Thus, a tradesman may wish to mark an article at such a price 
as will enable him to deduct 20 per cent, therefrom, and then get 2o8. 
for it. Now 20 per cent, is ^ of the principal ; but if he adds to 25s. the 
fifth of itself, the mmked price will be (25s. + i of 25s. = 268. + 58. =) 
30s. But when he comes to take off \ of this marked price, bie will charge 
only (30s. - ^ of 30s., i,e, 30s. - 6s. =)24s. for it, i.e. just Is. less than 
he intended to charge when marking it. But if, instead of adding one- 
fifth, he adds Gne-fourih of itself to the price he wishes to get, and so 
marks (25s. + i of 25s. = 258. + 6s. 3d. =) 31s. 3d. as the price, and 
then reduces this marked price by \ of itself, thus charging (31s. 3d. - ^ 
of 31s. 3d., i.e. 31s. 3d. - 6s. 3d. i,e.) 25s. for the article, he will realise 
the price he anticipated. 

The reason of the truth stated above, that in such cases, when ve re* 
quire to reduce the m^arked price ly\of itself, we must increase the reaH price 
by (-g^j i'C) iof itsdf; to reduce the marked price by ^, we must increase 
the real price by (-^^^ i*^.) i ^c.^ will be seen from considering that — 

If B. = the real price to be obtained, 

and M. = the marked price, 

and the marked price is to be reduced 20 p. o. ; 
Then M. - ^ of M. = B., 

i.e, I of M. = B., 

i.e. 4 M. = 5 B., 

i.e. M. = ?-^- = IJ B. ; 

4 

•.e. B. must be increased by \ of itself to make it equal to VL 
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Exercise 39. 
Exercises in Discount. 

z. Find the true discount upon the following bills : — 

£350, 7b. lO^d., due in 1 yr., at 5 per cent. 
£433, 148. 3d., due in 1 yr., at 4 per cent. 
£65, Ss. 9d., due in 1 yr., at 5 per cent. 
£65, 6s. 6d., due in 1 yr., at 4 per cent. 
£46, Is. 6id., due in 1 yr., at 6^ per cent. 
£113, 2s. 8d., due in 1 3rr., at6f per cent. 
£888, Is. 6^d., due in 1 yr., at 2^ per cent. 
£1476, 15s. 5jd., due in 1 yr., at 16} per cent. 
£81, 5s. 4d., due in 8 months, at 6 per cent. 

3. Bankers' discount on a sum of money, due in 1 yr., at 5 per cent., 
being £10, 8s. 3d., what was the nominal value of the bill ? 

3. Bankers' discount on a sum of money, due in 1 yr., at 6| per cent., 
being £18, Is. 3d., for what sum was the bill drawn ? 

4. True discount on a sum of money, due in 4 months, at 5 per cent., 
being £1, 6s. 4d., what was the nominal value of the bill ? 

5. Find the present worth of £610, 4s. 2d., due in 73 days, discount 
being at 5 per cent. 

6. Bankers' discount being at 5 per cent., a person receives £9, 5s. 6d. 
less than the nominal value of his bilL What should he receive for his 
bill if true discount only were deducted? 

7. A person possesses a sum of money, the simple interest of which, at 
4 per cent., is £134, Is. 3d. With this money he purchases an estate^ 
for which he pays by a note payable in 4 months' time, and which being 
discounted at 4 per cent., is worth at present exactly the money he pos- 
sesses . For how much is the bill drawn ? 

8. The true discount on a bill due in 1 yr., and discounted at 5 per 
cent., being £8, lis. 8d., what would have been the banker's discount 
thereon ? 

9. Find the present worth of £509, 4s. 2d., due in 73 days, discount 
being at 5 x>er cent. 
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10. Simple interest at 2} per cent, being £9, 18s. 2d., find true dis- 
count on the same amount and at the same rate. 

11. Find the present worth of £223, 98. 3d., due in 1 yr., and discounted 
at 1 per cent. 

12. True discount on a sum of money at 7} per cent, being £8, find 
true discount on the same amount at 3^ per cent. 

13. True discount, at 4 per cent., on a sum of money being £15, find 
simple interest on the same sum at 5 per cent. 

14. True discount on a sum of money, due in 8 months, at 6 per 
cent, being £4, 3s. 3d., how much would a banker give for the bill 
3 months before it is payable if the current rate of discount be 4^ per 
cent.? 

15. Find the difference between the present worth and the nominal 
yalue of a bill for £3152, 13s. 5^d. drawn Oct. 13th, at 4 months, and 
discounted Dec. 5th at 5 per cent. 

16. Find the true discount on £900, Os. IJd. due in 2 yrs. and dis- 
counted at 5 per cent. 

17. Find the present worth of two sums of £10 to be paid at the end 
of one and two years respectively, money making 5 per cent, per 
annum, and verify your result by showing that the value which you 
have obtained is just sufficient to pay the sums due at the end of each 
year. 

18. Find true discount on £399, Is. 6d. due in 13 months, at 5 per cent, 
per annum, and find the present worth of £396, 10s. 6d., due in 11 
months, at 4 per cent, per annum. 

19. If the discount on £226, 2s. 8d., due at the end of IJ yrs., is £12, 
16s., what is the rate of interest? 

20. What is the discount on £756, one-half of which is payable in 6 
months, the remainder in 12 months, at 7 per cent, per annum ? 

21. A person marks his goods so that he may allow a discount of 4 per 
cent. If after doing this he makes a profit of 15 per cent., what must be 
the marked price of an article which cost him £1, 17s. 6d. ? 

22. Owing £5, 2s. 6d., payable in eighteen months, £17, 18s. 6d. pay- 
able in 2^ years, and £10, 17s. payable in 5^ months, in what time ought 
I to pay down £33, 18b. for the whole debt? 
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116« When the Goyemment of this or any other eonntiy ib in 
immediate want of a greater sum of money than can be railed by taxa- 
tion, it generally borrows money, and each lender receives from the 
Goyemment a document called a ** Borid,** which is to him an acknow- 
ledgment of the debt, and by which he is entitled to receiye a certain 
amount of interest, the rate of which is specified at the time the money 
is borrowed, and is determined by the circumstances then existing. 

Thus, if A lent Goyemment £100 at 3} per cent., he would be supplied 
with a bond entitling him to receiye £3, lOs. a year till Goyemment 
chose to pay back the principal and so get rid of the debt. 

As long as the debt remained unpaid, and A kept possession of his 
bond, he would be said to possess £100, 3^ per cent. Stock. 

He might, howeyer, sell his bond to some other person if he chose to 
do so, but the price which he would be able to get for it would depend 
upon the state of the money market at the time he sold it. If money 
were plentiful, interest would be low, and might fall below 3^ per cent., 
and A would then be able to get more than £100 for his bond, because it 
would require more than £100 in the then state of the market to 
produce an income of £3, 10s. , which is the income derivable from A's 
bond* But if money were scarce, interest would be very high and might 
perhaps reach 7 per cent., in which case A would not be able to get more 
than £50 for his bond, because the interest upon £50 at that time would 
£3, lOs. a year, which is all that A's bond will produce. 

The total amount owing to the bondholders, i.e., the persons possessing 
Stock, is called '^The National Debt,** and the source from which the 
interest is paid is called **Tht Fiiblie Funds,^ which is, however, an 
imaginary property representing the credit of the borrowing country, 
which is pledged to the payment of the debts contracted by its Govern- 
ment; in other words, the interest is paid from the income of the 
Government, and this is mostly, and in most cases, derived from 
taxation. 

Sometimes the per-centage offered by the borrowing Government is not 
so great as the current rate of interest, in which case it is evident that 
nobody will give £100 for a bond which represents £100 of such Stock. 
In such a case the price of Stock is said to be below par, {.e. £100 Stock 
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may be purchased for less than £100 in ready money. If, however, the 
interest otfered by the borrowing Qovemment be higher than the current 
rate, and the credit of the borrowing country be considered good, the 
price of the Stock will be above par, i,e. more than £100 in ready money 
must be given to purchase £100 of this stock. 

A distinction must be made between £100 Stock, which simply signifies 
£100 of the national debt, and £100 In the Stocks, which is the amount of 
Btock purchased by £100 in ready money, and may be more or less than 
£100 Stock according as Stock is selling below or ahove pwr. 

The above remarks may now be illustrated by three examples— 
Ex. 1. If £100 Stock in the 3 per cents, could be purchased for £80 in 
ready money, the price of this Stock would be helow par, and we should 
say that *^tke 3 per cents, were selling at 80," or, that **ihe S per cents, 
were at a dlscoimt." 

Ex. 2. If £100 Stock in the 3 per cents, could be purchased for £113 in 
ready money, the price of this Stock would be above par, and we should 
say that ** the 3 per cents, were selling at £113," or, that '* the 3 per 
cents, were at a preznlum.*' 

Ex. 3. If £100 Stock in the 3 per cents, could be purchased for £100 in 
ready money, we should say that ^^the Z per cents, were selling at 
par." 

Stock is generally bought and sold by the agency of Stodcbrokers. 
Thus, a person wishing to buy Stock does so through his broker, who 
buys it from the broker of another person desirous of selling. Each 
broker charges his employer a commission of | of a £ for the transfer of 
every £100 Stock, but in every exercise this consideration is to be 
omitted unless specially mentioned. 

117. The following questions on " Stocks " may be easily 
worked by the help of the rules of Interest and the ex- 
planations here immediately preceding. 

Ex. 1. If the 3 per cents, are at 84, and a 4 per cent. Stock 
a^ 98, which is the best investment ? And if a man has £1000 
to invest, what will he the difference in his income according as 
he purchases the one or the other ? 

(Examination for Certificates. Male students. 1866.) 

1. The 3 per cents, being at 84, the principal required to produce an 
annual income of £1 therein will be (i of £84, i.e.) £28. 
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The 4 per cents, being at 98, the principal required to produce an 
annual income of £1 therein will be (J of £9S^i.e.) £24, lOs. 

Therefore the 4 per cents, wUl be the best investment^ because a less 
principal inyested therein will produce as good an income as a large 
principal invested in the 3 per cents. 

2. The annucd income derived from investing £1000 in the 3percenU» 
at 84 will be found as follows — 

The price of each " cent." (i.e. each £100) of Stock is £84, 
. •. the number of " cents." purchased for £1000 will be £^ ; 
and the interest on each cent, being £3, 
the interest on (£1000, i.e, on) i^ cents, will be £3 x i^ = £35f 

But, the annual income derived from investing £1000 in the 4 per 
cents, at 98 will therefore be — 

£4 X ^1^ = £40J§. 

Therefore the difference of income resulting from investmg £1000 in 
the 3 per cents, at 84, and in the 4 per cents, at 98, will be — 
£40Jg - £36f = £5JV = £*, 2s. OJd. nearly, Answer. 

Ex. 2. A person investing in the 4 per cents, receives 4| 
per cent interest for his money ; what was the price of the Stock f 

(Examination for Certificates. Male students. 1870.) 

By First Principles — 

The principal on which he receives £4 J interest is £100. 

• -fit .p lOO 

• • »» »» f» *'■■• »» "il 

And ff „ „ £4 „ £ — j^ — 

Therefore the cost of the Stock must be ( £l^J^, i,e. \ £91|, Am. 

Ex. 3. When the 3 per cents, were at 90, / found that by 
selling out, and investing in Indian 4 per cents, at 95, / could 
improve my income by £24, 65. Whai was the amount of 

my Stocks in the 3 per cents, f 

(Examination for Certificates. Male students. 1866.) 
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The pir^erdage in the 3 per cents, was 3^, for— 

As £90 : £100 :: £3 : per-eentoffe. 

.-. The per-centage = £ ^^J^ ^ = £3*. 

90 

TTie per-centage in the Indian 4 per cents, was 4^, for— 

As £95 : £100 : : 4 : per-centage, 

.-. The per-centage = £ ^^J^ ^ = £4^ 

8o thai by transferring £100 from the 3 per cents, at 90 to the Indian 
4 per cents, at 96, 1 improve my annual income by (£4^^ - £3^, i.«.) £|^ 
, •. As £^ : £24^ : : £100 : t?ie money transferred, 

,', The money transferred = £100 x £?|A = £2770, 4s. 

We have now to find how much Stock, sold out from the 3 per cents, at 
90, wo^Ud realise this money — 

By Proportion we have — 

£90 : £100 :: £27701^ : the Stock sold out to recUise SmO}. 

.'. The Stock sold = £2770^ x £-^= £3078, Answer, 



Exercise 40. 
Exercises on Stocks. 

z. If the 3 per cents, are at 80, what income shall I obtain by investing 
£2287, 10s. ? 

2. What will be the annual income on £1496, 18s. 4d. invested in the 
2 J per cents, at 71 ? 

3. £427, 8s. 6d. being invested in the 3 per cents, at 82, what will be 
the annual income therefrom? 

4. A person having a legacy of £560, 8s. 2d. invests it in the 4 per 
cents, at 91 ; what is the present worth of his yearly dividend thereon, 3 
months before it is payable, if the rate of interest be 3^ per cent. ? 

5. What was the price of 3 per cent. Stock when £353, 9s. 2d. invested 
therein produced an income of £12, 98. 6d. ? 

6. What is that Stock which, selling at 82, produces an annual income 
of £15, 16s. 3d. on an investment therein of £432, 48. 2d. ? 
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7. What sum most be inyested in the 3 per cents, at 94 to produce ii 
quarterly income of £8. ? 

8. What amount of Stock must be purchased in the 4 per cents, at 93 
to produce a quarterly income of 9 guineas ? 

9. Sold Stock at 72} for £461, 10s. ; what was the Stock sold? 

ID. Sold £900| Stock for £1200, 16s. ; required the price per cent. ? 

11. If the 2 J per cents, are at 96, what sum must be invested therein 
to produce an annual income which, one year before it is due, is worth 
£7, 6s. 6d. after being discounted by a banker at 2^ per cent. ? 

12. Sold £364 Stock at 92f per cent. What was the sum received ? 

13. Sold Stock at 83f for £203, 17s. What was the Stock sold ? 

14. If £650, 13s. be given for £550, lis. Stock, what was the price per 
oent.? 

15. If £225, 9s. Stock be sold for £125, 5s., what was the price per 
oent. ? 

16. A person sells out £350, 14s. Stock from the 3 per cents, at 128f ; 
what does he receive, and what difference does he make in his income by 
investing the proceeds in 3J per cents, at 144 ? 

17. £800, 16s. Stock was sold out of the 2J per cents, at 87^, and 
invested in railway 5 per cent, preference shares at 12 per cent, premium. 
What was the difference in the income derived ? 

18. I invest £1270 in 3 per cents, at 92 J, and, selling out after allowing 
the interest to accumulate for 2 years, I find myself richer by £147, 10s. ; 
at what price did I sell out ? 

19. If I invest £2800 in the 3 per cents, at 92, what is my income, and 
how much per oent. do I get for my money ? 

20^ What is the price of the 3^ per cents, when £3930 invested in 
them produces an income of £130 per annum? 

21. Which is the better investment — the 3 per cents, at 90|, or railway 
shares at 114, paying a half-yearly dividend of £2, 5s. ? 

22. I have £2400 Stock in the 3 per cents. ; I sell out at 90}, invest the 
money in debentures, paying 5 J per cent., purchasing them at 111 ; what 
is the difference in annual income? 

23. I lay out £1270 in the 3 per cents, at 92}; after allowing the 
simple interest to accumulate for 2 yrs., I sell out at 93, and invest the 
sum in debentures at 104, paying 4} per oent. What is my income? 
(Fractions of a penny may be neglected.) 
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24. Is it better to invest in 3 per cent. Stock at 83.^, or in shares at 
£233 each, on which a dividend of £7, 138. 4d. is paid annually? If you 
have invested £1000 in the 3 per cents., and exchange it into the other 
security, what difference will it make in your income? 

25. A person invests £4095 in the 3 per cents, at 91 ; he sells out £3000 
stock when they have risen to 93^, and the remainder when they have 
fallen to 86? What does he gain or lose by the transaction? If he invests 
the produce in 4 1 per cent. Stock at 102, what is the difference in his income ? 

26. A has stock in the 3 per cent. Consols which produce him £300 a 
year. He sells out one-half at 92, and invests the proceeds in the South 
Devon Railway when a £60 share is worth £23. What dividend per 
cent, per annum ought the South Devon Railway to pay so that he may 
increase his income £50 per annum by the transaction ? 

27. A buys 200 shares in the South Devon Railway, for which he 
gives £100 a share. When they are paying 2 per cent, he sells out at 
£46 a share, and invests the proceeds in 3 per cent. Consols at 92. 
Find the difference in his income in consequence of the operation. 

28. A person invests £6825 in 3 per cents, at 91; he sells out £6000 
Stock when they have risen to 93J, and the remainder when they have 
fallen to 85. How much does he gain or lose by the transaction? If he 
invests the produce in 4^ per cent. Stock at par, what ii the difference in 
his income ? 

29. What must a person have invested in 3 per cents, at 90| if a 
transfer of } of his capital to the 4 per cents, at 115 would increase his 
income by £7 ? 

30. A person invests £6200 in the 3 per cents. at89|, and pays inoome- 
Tax at lOd. in £1 ; when the Stock rises to 92 he sells out, and invests the 
proceeds in £50 Railway Shares, which yield an annual dividend, dear of 
income-tax, of 3^ per cent. What is the difference in his income? 

31. A certain railway pays an annual dividend of £3, lOs. a share. A 
person bought 12 shares at such a price that they yielded 5{ per cent, on 
his investment, and when the price had risen £5, he sold out and 
invested the proceeds in 3| per cent. Stock at £85. Pind the alteration 
in his income. 

32. Having a legacy of £7823, 1 hesitate between investing it in 2 per 
cents, at 73, or 6 per cents, at 134, but finding that in the latter invest- 
ment they deduct 13d. in the £1 from all yearly dividends, I decide on 
the former. How much do I gain or lose per annum by this choice? 

33. I bought an estate, which let for £460 per annum at 28 jn, pur- 
chase ; how much Stock must I sell out of the 3 per centf. at 96 to pay 
for this estate, and how much more interest per cent, do I get by the 
estate than by the Funds ? 

P 
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PROFIT AND LOSS. 

118. The Profit or the Loss on the sale of articles 
is not generally expressed in commercial transactions 
by the difference between the cost price and (he selling 
price, but by the ratio which this difference bears to 
the cost price, which ratio is generally expressed as so much 
per cent. 

Thus, if a man purcluued eoals at 90b. a ton, and sold them at d6s. a 
ton, he wonld not express his gain as being "68, on the sale of a ton of 
coals," nor as being "68, on an outlay of 268. " but as being (^ of, i.e.) 
'* 20 per cent, on his ouUay" meaning thereby that, selling his coals at 
^s. a ton, he gained £20 on every £100 he laid out. 

Whenever a gain or a loss is expressed as being so much per cent., it 
must always be considered as being calculated upon ^ original outlay, 
and not on the selling pricCy unless so expressed. 

In all questions of Profit and Loss there are three things to be con<- 
sidered, viz. — 

1. The Prime Cost, or Cost Price, which is the sum originally given 

for the article. 

2. The Betail Price, or Selling Price, which is the sum for which it 

is sold by the original purchaser. 

3. The Gain or Loss Per Cent, which is the difference between 

the cost price and the selling price. 

Ex. If an article were purchased for 20 shillings and sold for 22 
shillings, we should say that 20s. was the prime cost, 22s. was the selling 
pricCf and 2s. was the gain. 

Here it is plain that if the gain on 20s. was 2s., the gain on 100s. at the 
same rate would be 10s., t.e. 5 times as much, because the principal is 
6 times greater. 

The same thing may be stated in a proportion, thus — 
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As 208. : the gain on 20s, : : 5 times 20s. : ihe gain on 5 times 20b,, 
«.e. 20s. : 28. : : lOOs. : the gain on 100s. 

.*. The gain on lOOs. = 2s. x ^^ = 2s. X 5a, ^ 10b. ; 

20s. 

and we may observe that generally — 

The gain on a given sum the gain on lOOs. __ the gain on £100 
The given sum ^ 100s. ^ £100 

Now, although ** per-centa{fe** signifies literally "/or a hundred,** it is 
usual to consider it as applying particularly to £100 ; so that, to take the 
above example, if an article be purchased for 20s. and sold for 22s., we 
say that the gain was 10 per cent, i,e, at the rate of £10 gained for every 
£100 laid out in the original purchase ; therefore we see that — 

Since, as above — 

The gain on a given sum _ the gain on £100 , 
The given sum £100 ' 

, The gain on a given sum _^ the ** per-centage " , 
The given sum "" 100 * 

. The gain ^ the " per-centage " 

The prime cost ~ 100 

.•. The per-oentage = *^1^5_ x lOa 

the prmie cost 

Hence the reason of the following rule — 

RITLE.— To find the PER-cnSNTAQE of gain (or losfl; for loss may 
be considered as a minus gain) on the sale of an artlide, multiply the 
fraction which expresses the ratio of the gain to the cost prioe 
^100. 



Bought an article for £S, 10s. amd sold Ufor 4 guineas; 
what did I gain per cent, by the transaction f 

By the role— 

The gain per cent. = ^ ^"^"^^ 7^^* ^^'^ x 100 

£o, 10s. 

£3,108. 
rr 1^ X 100 = J X 100= 20, per cent., Anwer. 

70s. 
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The truth of the following proportion ii also apparent — 

£100 + gain p. c. when a gain 

Co^pric, : ^i,^ price :: £100 : aOO - loH^Tt^^^ louU 

rustained. 
Hence the reason of the following rules — 

RULE 1.— To find the SBLUNQ PRICE of aa article to gain a giyen 
per-centage, multiply the cost price by 100 increased by fbe rate per 
cent., and divide the product by 100. 



Bought goods for XII, 7^. Id.; find the setting price to 
gain 6 per cent. 

By the rule— 

^, „. . cost price X (100 + 6) £11, 78. Id. x 106 
The BeUmg pnce = jqq = jq^ = 

£12, Os. 8Jd., Answer. 

RULE 2.- To find the BELLIKa PRICE Of an article to lose a giyen 
per-centage, multiply the cost price by 100 diminished by the rate 
per cent., and divide the product by 100. 



Bought goods for £120, 175. M.; fmd the setting price 
to lose 13^ per cent. 

By the rule— 
The sellinir nriee - cost price x (100 - ISj) £120, ITs. 6d. x 86} 
* ^ 100 - 100 

^ £120, 17s^d.x 260^0^^3 3^^ ^^^^^ 

R17LE 8.— To iind tlie COST PRICE of an artide wben a gain of a 
certain per-centage has been made, multiply the selling price by 100, 
and divide the product by 100 tacreased by the rate per cent. 

Ex. Sold goods for £5, lOs* Sd., and gained 8 per cent, on 
my outlay; what was the cost ? 

By the rule— 
__ . . the selling price x 100 £6, 10s. 3d. x 100 «, ^ , . 
The cost price = ^W + S ~ — 108 ^ ^* ^' ^ 

RULE 4.— To find the COST PRICE of an artioie wben a ^« of a 
certain per-centage has been sustained, multiply the selling price 
by 100, and divide the product 1^ 100 diminished by the rate per 
cent. 
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Sold goods for X19, \\s. S^?., and lost 6 per cent on my 
mttlay; what was the cost? 

By the rale— 

The coat urice = the selling price X 100 _ £19, llfl. 8d. x 100 _ 
*^ 100-6 "■ 94 ■" 

£20, 16b. 8d., Answer, 

The above roles are useful in many cases, especially for Mental Arith- 
metic; but most questions of Profit and Loss may more profitably, 
though perhaps less expeditiously, be worked by ilnt Principles, as in 
the following examples — 

Ex. 1. A man bought 296 sheep at £1, 7s. Qd. each, and 
after paying ^ of his oiUlayfor their keep, exchanged them for 
37 caws, which he sold at £15 per head; what did he gain per 
cent, on his expenditwe f 

« 

(Examination for Certificates. Male students. 1871.) 

The prime cost of the sheep = £1, 7s. 6d. x 296 ; 
Their keep = ^ of their prime cost ^ ^ of £1, 7s. 6d. x 296 ; 
.*. His total expenditure by them = 1^ of £1, 78. 6d. x 296 

= If x£y^x296 = £481. 

But his toted receipts by them = the price of 37 cows at £16 a head 

= £15x37 = £566; 
••. His gain on them = £555 - £481 

= £74. 

This gain must now be expressed as a per-centage, which is done by the 
following proportion — 

The gainon £i8l : the gain on £100 :: £481 : £100. 

Therefore (the gain on £100, i,e.) the gain p. c = the gain on £481 x £1 00 

£481 

_ £74 X 100 

^^ = £16^ ATiswer, 

Ex. 2. If a postmaster is allowed H p. c, profit on selling 
postage stamps, what is his gain on a sheet of 120 stamps f 

(Examination for Certificates. Male students. 1867.) 
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The felliiig priee of 120 penny tUinpt would be Kk. 
In this CMC the per-centage would be reckoned on the leDiBg price, lo 
that hie profit wHl be 1| p. c on lOi., ue. £4- 

.-.^£100 : £| :: £U : kisirrqfU. 

. \ HU prq^ = ^i '^ ^100 = ^|- ^ * '^ j[0p = ^i^ = ^^ Amnoer. 

so 

Ex. Z. A lb. of tea and o lb, of sugar together cost 7s. 6d / 

if tea were to rise 50 p. c, and sugar faU 12^ p, c, they tcotdd 

eostSs.9d. What is the price of each f 

(Examination for Certificates. Male students. 1867.) 

(1.) By the question we hare — 

Cost of lib, of tea + eott of 6 W, of sugar = 7s. 6d. (at the original price). 

Or, multiplying each side of the equation by 6, for a reason which will 
be apparent presentiy, we get — 

Cott of 6 lb. of tea + eott of 36 lb. oftugar = 45b. (L) 

But, by the question, we hare also — 

(a.) Cost of 1^ lb. of tea at the old price = cost of 1 lb. of tea at 

the new price. 
(&.) Cost of |lb. of sugar at the o2(2 price — cost of 1 lb. of sugar at 

the new price. 
.*. Cost of (I X 6) lb. of sugar at the old price z= cost of 6 lb. of 

sugar at the new price, 
ie. Cost of V lb. of sugar at the old price = cost of 6 lb. of sugar 
at the new price. 
Therefore- 
Cost of 1^ lb. of tea at the dd^ ( Cost of 1 lb. of tea at new 

price + cost of V 1^» ®^ f = S P"*'® + *"*"* o^ 6 lb. of 
sugar at the old price. ) ( sugar at new price. 

= 8s. 9d. (by the question.) 
Therefore, we have— 

Co8t of li lb, of tea + cost of^ lb, of sugar = 8s. 9d. (at the original price). 

Or, multiplying each side of this equation by 4, to eliminate the frao- 

tions, and make the number of pounds of tea the same as in Squation I., 

we have — 

Cost of 6 lb. of tea + cost of 21 lb, of sugar = 35s. (II.) 

By now subtracting Equation II. from Equation I. we shall be able to 

find the price of 1 lb. of sugar, and, from that, the price of 1 lb. of tea ; 

thus — 
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T?ie cost of 6 Ih, of tea + tJie cost of 36 Ih. of sugar = 458. (I.) 
The cost of 6 lb, of tea + the cost of 21 lb, of sugar = 35s. (II.) 
By subtracting, we have — 

The cost of 15 lb. of sugar = lOs. 
. *. The cost of 1 lb. of sugar = ^^s. = 8d. 
Therefore, since — 

The cost ofl lb. oftea+thecost of 6 lb, of stigar=7B. 6d. (by Equation I.) 
The cost of 1 lb, of tea + 4s. = Zs. 6d. 

• •. The cost of 1 lb, of tea = 7s. 6d. - 4s. =3s. 6d. 

AnswcTy Sugar, 8d. per lb. ; Tea, 3s. 6d. per lb. 

Ex. 4. A guantity of tea is sold for is, 2d. ^er lb,, the gain 
is 10 per cent., and the total gain is XI 2. What is the 
quantity of the tea ? 

(Examination for Certificates. Male students. 1870.) 
JLsiey The priirie cost : the selling piice :: 100 : 110; 
t.e. The prime cost per lb. i 4s. 2d. :: 100 : 110; 

.-. The prime cost per lb. = ^' ^^q ^^ = H of 4s. 2d. ; 

.'. The gain on 1 lb. = ^ of 4s. 2d. 
3^^ The total gam ^ ^^^ ^^^^^ ^j ^^^ ^^^ 

The gain per lb. 
Le. ( ^12 _ 240d. x 12 _ 24IS|d. x 12 x 11 _ 3168 _ \ 
VA: o^ 4s. 2d. - ^ of 50d. - 5^ "" 5 " / 

633| lb. = the number of lb. lold. 
Answer, 633} lb. 

Exercise 41. 
Exercises in Profit and Loss. 

z. What is the selling price of an article which cost £1, 13s. 5d., and 
is sold so as to gain 20 per cent, on its prime cost ? 

3. What was the prime cost of an article which, being sold for £1*75, 
produced a gain of 25 per cent. ? 

3. An article is sold for £3 '6 at a loss of 20 per cent.; for what must it 
be sold to gain 10 per cent. ? 

4. How much sugar at £'025 per lb. must I give in exchange for 36 lb. 
of tea at £'25 per lb. so as to gain 20 per cent, by the exchange? 
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5. A Btationer \mju 45 reftins of paper at 13i. 9d. per ream, aad 73 
reams at 12b. lOd. per ream ; at what average price per quire must he 
retail it to make a gain of 30 per cent. ? 

6. A man has £500 of stock in trade, and hgrrows £200 at 6| per cent, 
to increase it ; at what price most he retail his goods to make 8| per 
cent, per annum on the whole, deducting £150 for expenses? 

7. A man has 30 cattle, hy which he hopes to make a certain profit per 
cent., but he loses 10 suddenly by the cattle-plague, and his loss per 
cent, is now as great as the profit would hare been. Find the per-centage 
of loss. 

8. A newsagent purchases 23| dosen of penny papers daily ; he gives 
9d. a dozen for them, and sells them at Id. each ; what does he gain per 
cent. ? 

9. A man buys land at £42, and having built upon it, sells the land 
and houses so as to gain 20 per cent, on his whole oath^, and receives 
£9004, 16s. How much did he spend in building ? 

10. What is a person's income who pays £86, lOs. 4d. when the income- 
tax is 6d. in the £1? and what will he pay when the tax is reduced 25 
per cent. ? 

11. A house bmlt for £664 is sold for £830 ; what is the gain per cent.? 
If it had been bmlt for £830 and sold for £664, what would have been the 
loss per cent. ? Why do the rates differ? 

12. A woman buys a certain number of eggs at 21 a shilling, and the 
same number at 19 a shilling ; she mixes them together, and seUs them at 
20 a shilling ; how much does she gain or lose per cent, by the trans* 
action? 

13. A woman buys a certain number of apples at 3 a penny, and the 
same number at 2 a penny, and sells them at 5 for 2 pence. How much 
does she gain or lose per cent, by the transaction ? 

14. A baker's outlay for flour is 70 per cent, of his gross receipts, and 
other trade expenses 20 per cent. The price of flour rises 50 per cent., 
and other trade expenses are thereby increased 25 per cent. What 
advance must he make in the price of a fivepenny loaf that he may still 
realise the same amount of profit by it ? 

15. A person sells 20 lb. of tea at a profit of 5 per cent., and 30 lb. 
at a profit of 8 per cent. ; if he had sold it all at a profit of 6 per 
cent., he would have received one shilling less; what was the prime 
cost? 
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z6. A dealer bought 56 sheep at a sale at so much per head, and after- 
wards sold } of them at a profit of 15 per cent., f at a profit of 10 per 
cent., and the remainder at a loss of 5 per cent., thereby gaining on the 
transaction £5, 14b. What did he pay for the sheep ? 

17. A grocer buys 10 cwt. 3 qrs. 21 lb. of sugar for £90, and pays 
12s. 6d. for expenses ; at what rate must he sell it per lb. to gain not 
less than 25 per cent. ? 

18. If I gain 5 per cent, by selling an article for £5, 5s., how much 
shall I gain or lose per cent, by selling it for 4J guineas? 

19. If wheat, having been at £2, lOs. 4d. per quarter, rises 6.25 per 
oent., and afterwards falls 5 per cent., what is the price at which it finally 
sells per quarter ? 

20. A grocer bought 200 lb. of tea and 1000 lb. of sugar, the price of 
the sugar being ^ of that of the tea. He sold the tea at a profit of 40 
per cent., and the sugar at a loss of 2^ per cent., gaining on the whole 
£9, 9s. 7d. What were hifl buying and selling prices ? 

21. If eggs be bought at 5 for 3d., at what prioe must they be sold to 
gain 20 per cent. ? 

22. If 17 lb. of tea worth 4s. per lb. is mixed with 25 lb. worth 48. 8d. 
per lb., and the whole is sold at 5s. 4d. per lb., what is the total gain, 
and what the profit per cent? 

23. Goods are purchased at £28, 10s. 6d. per ewt.; the trade profits 
are 15 per cent, on inyested capit&l ; the income-tax due thereon at 9d. 
in the pound amounts to £24, 3s. 6d. ; how many owt. were purchased ? 

24. How much per cent, is paid to the booksellers when lis. 4d. is 
charged to them for a 16s. book ; 25 copies are given for 24 ; 10 per cent, 
is deducted from the amount for commission, and the money is paid 5 
months after the expiration of the year, the interest of the m<mey due 
being reckoned ikt 5 per oent. for the last 5 months? 

25. I buy a set of watches at 50s. each ; I sell them again at a profit of 
^ the prime cost, but for ready money I deduct 5 per cent. ; for every 
8 that are sold for ready money 5 are sold without discount ; what will 
be the gain per cent, on the money invested? 

26. A merchant has teas worth 48. 6d. and 3s. 6d. per lb. respectively, 
which he mixes in the proportion of 2 lb. of the former to 1 lb. of the 
latter, and sells the mixture at 48. 4d. per lb. What does he gain or lose 
per cent.? 
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37. A person who began business 5] yrs. ago increased his capital at 
the rate of 15 per cent, per annum simple interest, and it now amounts 
to£5960. What had he at first? 

38. With what capital did a tradesman commence business if at the 
end of twelve months his net gain amount to £210, 14s., a certain 
portion only of this being accounted trade profit, the remainder, viz. 58. 
out of every 9s., being 7 per cent, interest on capital ? 

29. A quantity of wine is sold to A at a certain loss per cent. Then A 
■ells it to B, losing at the same rate ; but B sells it to C for the original 
cost price, and gains thereby 44 per cent, on his outlay. What was the 
loss per cent, at which A and B sold the wine ? 

30. Sold a quantity of logwood at £4, 4s. 6d. per ton, by which I 
cleared 17 per cent., but I afterwards raised the price to £4, 9s. per ton. 
What rate per cent, did I gain at this latter price ? 

31. A merchant sent goods to France, on the sale of which he was a 
gainer of 40 per cent. The value of the goods was returned to him in 
French goods, on the sale of which he lost 15 per cent. What per- 
centage of his original gain remained? 

32. A comdealer bought 800 qrs. at 25s. per qr., which, being kept 
for twelve months, lost 8 per cent, in measure, and was then sold at SOs. 
per qr. Find his gain or loss per cent., allowing £32, 10s. 6d. for 
granary expenses^ and reckoning interest at 5 per cent, per annum. 

PEB-OENTAGES, PROPORTIONAL PARTS, 

AND MISCELLANEOUS RULES 

AND PROBLEMS. 

119. In Profit and Loss the term " j?er cent" was applied 
with especial reference to £100, but the term "ce?i^/* more 
•widely, and yet more strictly, signifies a hundred units of any 
kindy and of any denomination. 

Thus, if a man sells 100 bushels of wheat so as to receive as much for 
them as would equal the value of 105 bushels if bought at the price he 
gave for them, it is evident that — 

His gain 6_ 

Hisoutlay ~100' 
i.e. He gains 5 bushels on every 100 bushels. 
ue. He gains 5 p. c. 
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The -whole meaning and manner of working of exercises in '* Per- 
centages " will be evident from the solution of the following examples— 



1, If S per cent, of the persons employed in a mine in 
which 625 persons were engaged were women, wJiat was the 
total number of the women employed ? 

, ^ ^ , . , . ^ total number of persona 

AiS : 100 :: the ivomemn the mine : engaged there ; 

i.e. As 8 : 100 : : the Answer : 629 persons; 

„, ^ &lh persons x 8 
».e. The Answer = jqq = 50 women. 

Ex. 2. The Board of Trade Metumsfor 1861 show that, with 
regard to shipwrecks, there were saved hy lifeboats, 13J per 
cent. ; by rockets, 8 per cent ; by shipi boats, 62 per cevi, ; by 
individuals, | per cent,; and 16 per cent, were lost. Determine 
the number of lives saved by the several means, corresponding to 
an excess o/ 2619 rescued by ships* boats over those saved by life- 
boats. 

The per-centage saved by ships' boats = 62 
„ „ „ lifeboats = 13^ 

The excess rescued by ships' boats = 48} p. c. 

But by the question — 

48 jj 2619 

100 ~" the total number wrecked. 

.-. The total number wrecked » 2619x100 ^ 2619 x 100 x 2 ^ ^ 

48} 97 



And by the question — 



No. saved by llfelHMita . 
6400 ' 



n \ i?i = / ^O' saved by lifeboats __ \ 
^ •' 100 V The total No. wrecked " J 

m,^ XX ^ , ,.^ , . 6400 X 13* 
.*. The No. saved by lifeboats = jqq — - = 729. 

,n » _8_ ^ / No. saved by rockets _. \ No. saved by rocfceta , 
^ ' 100 V The total No. wrecked ) 6400 

. •. The No. saved by rockets = ^ J^ ^ = €33. 
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.'. The Sot »»1 ^ ikq«* k»l. = ^^^^ « 

^' 100 ~ V ^^^ ««1 >'«- vndEBd ^ 5ttt 

.-. Tie KcL wed Vj mdiTidaafc = ?^^ = SI 

16 / TheKouoflivwloai _ \ Ka cf livw loifc . 



-. . 16 _ / Theyouoflweeloat ^ \ 
^'lOO V 1^ toul No. vneked 7 



MOO 



.% TheXo.aflwwlort = 5?^^= »i. 



120. Qaestions in Pr opor ti onal Parts mostfy require for 
their solution the mse of the following proposition : — 



Propo>itioB.—To divide a mnnber or (qiiaatity) into parts 
which shall be eonneeted together by given ratiaa. 

Ex. 1. TttH) persons, A and B, gained in trade £375, one 
having put in £500, and the other £850, what part of the 
profits ought each to receive? 

(Examiiiatioa tor Certificates. Male itadente. 1870L) 

Let X = the profit per £1 of inyeeted capitaL 

Now the whole amount of invested capital was (£500 + £860=) £1300; 
• '• The total amount ot profit = 1350 x = £375 by qoestiim; 

p375 
• • * "" *1350. 
And dnoe A invented £500— 

87ff 
A*s profit = ^2360 ^ ^^' 

Alio, iinoe B invested £850, 

87ff 
B*i profit = ^1355 X 850. 

Henee the reason of the following mle — 

BirLB.->To divide a giyen nnmber {or quantity) into parts wbiodi . 
sliall be to eacb as given numbers (i.e. BhcUl be connected together by 



I 



I 
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given ratios), take the sum of the firiven xmniben as tlie oommon 
denominator of fractions which' shall haye the separate nnmbers 
themselves as numerators. The given number (or quantity), being 
multiplied by each of these fractions in succession, will give the 
numbers (or quantities) required for the Answer. 

Ex. 1. may be worked by the rule as follows — 

£500 + £850 = £1350 ; 

600 
.'. The share of A = £^3^^ of £375 = £138f ; 

850 
And the share of B = £ jggQ of £375 = £236|. 

Answer, £138|; £236}. 

Ex. 2. Divide 64 into two parts having the ratio ofZi5» 

By the rule— 

3 + 5 = 8; 

Therefore the fractions are f and { ; 

And consequently, the parts required by the answer are — 

(1) f of 64, and (2)1 of ^; 
i.e. (1) 24 and (2) 40, Answers, 

Ex. 3. Divide £639 arrumg three persons in the ratio of 13, 
17, and 41. 

By the rule— 

13 + 17+41 = 71; 

Therefore the fractions are ^, H> '^d H i 
And ff of £639 = £117 ) 

H of £639 = £153 > Anwer. 
^1 of £639 = £369 ) 

Ex. 4. Sugar being composed of 4:9'S56 per cent of oxygen, 
43'265 per cent, of carbon, and the remainder hydrogen, find 
how many pounds of each of these materials there will be in a 
ton of sugar. 

(Examination for Certificates. Male stttdenis. 1867.) 

Here 49856 + 43*265 = 93*121 ; 
• Therefore (100 - 93*121 = ) 6-879 = the per-oentage of hydrogen. 
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Kow, tff the tvOb— 

The fam of all theie parU = 100 parU ; 
Thoref ore the fraetiom 



49-856, 43-2 8 5, and 6-879 . 
100 ' 

i,e. mnltiplTiiig each numerator and the common denominator by 1000 — 

49856, 43265, and 6879 
100000 

Now ^^^^^ of 2240 lb. = 1116-7744 lb. (oxygen) ^ 

And iVoVyo o^ ^^0 1^- = ^^'^^ 1^- (oar^i^) > Amwer. 
And iggggo of 2240 lb. = 164 0896 lb. (hydrigen) ) 

121. In the old text-books a role called *< Alligation'' was em- 
ployed for the solution of a certain class of questions which are of very 
little practical utility, and which we prefer to work by Algebraical pro- 
cesses, as in the following examples — 



1. In what ratio must two hinds of flour, worth ^\d. and 
3 3^. jper lb, respectively , be taken to make a mixture worth 3^ 
per lb. t 

Let X = the number of lb. at 2Jd. per lb., 
andy= „ „ Sfd. „ 

then » + y = „ M 3id. „ 

Now (x X 2i, i.e. » X -^, t.e.) ^ = the cost, inpence^ of that portion 

of the fiour which is worth 2id. 
per lb. 

And (y x 3), {.e. y x ^^ i.e.) ^ = the cost, inpenee, of that portion 

of the flour which is worth 3|d. 
per lb. 

TO 

Also {»-¥ y) 'x 3|, i.s. (8 + y) X ^ = the cosit, in pence, of all the floor 

* sold. 
Therefore, by the question — 



^-+i^ = (x + ,)x:^j 
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Or, multiplying each side of the equation by 4, we haye — 

lOaj + 1% = (05 + y) X 13 ; 
ie. lOaj + 16y = ISx + lSy; 
%,€. 15y - 13y = lac - lOaf. 
t.e. 2p = 3x; 
• y 3 
X 2 

From which we see that for every 3 lb. of the flour at SJd., we must 
take 2 lb. of that at 2^d. 

.*. AntweTf 2 : 8. 



2. In what proportions must wines, worth IO5., 145., 
175., and I85. per gall, respectively , he mixed so that the com- 
pound may he worth I6s, per gall. ? 



Let a = the number of gallons at 10b. per gaU. 
^= }» »> lAS, ff 

C = „ f, 17s. „ 



»> 



Then a+& + e + (2 = the number of gaUons at 16b. per gall. 
.*. 10a = the cost of the gallons at lOs. per gaU. 



x-zv 


»» 


f> 


x:«i. 


>» 


17c = 


»» 


»■ 


178. 


»» 


Ud = 


»» 


9» 


18s. 


»> 



16 (a + & + c + (2) = the cost of the whole quantity of wine. 

.*. 10a + 146 + 17c + 18(i = 16 (a + 6 + c + d) ; 
».e. 10a + 146 + 17c + lU = 16a + 166 + 16c + 16d ; 
.-. 10a - 16a + 146 - 166 + 17c - 16c + 18<i - 16<i = ; 
.-. - 6a-26 + c + 2c? = 0j 
.*. c + 2c? = 6a + 26. 

If in this last equation we assume any values for any three of the 
letters a, 6, c, d^ we can find the value of the remaining letter, and 
unless this value prove a minus quantity, the four values o^ the four 
letters will be the answer. 

For example, if we suppose that— 

a = 4, 
c =8, 
d=9, 
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and W6 require to know the Tahie of h — 

Si]ieee + 2({ = 6a + S&; 
Therefore 8 + 18 = 84 + 86 ; 
i.e. 86=24 + 86; 
i.e.86=8; 
.-. 6 =L 
Or, to pot the same thing in words — 

If 4 goXU, of wine at l(k. per gaU.^ 8 ^iaOc. ai 17& jmt |wIL, «mmI 
poUt. a< 18t. per gaU., he nixed together with a eertaim number ofgaOout 
at 14t. per gaU., and the viiole mixtmre he 9M at Ifit. per gaXLj at eoat 
price, the number of gaUone at 14M,pergaU. mutt he {hg the above equatitm) 1. 

It is erident thai if other valiietf be given to a, c^ d (ie. if other 
quantities of wine be taken at 10s., 17s. and 18s. per gUL respectiTely)^ 
the Taloe of 6 wiU also Taiy, thus — 

If a = 3, c = 10, and d = 7, 
Then, since e + 8(i = 6a 4- 86, 
10 + 14 = 18 + 26, 
10 + 14-18 = 26; 
.-.6=86; 
.". 6=3; 
and it is ai onoe erident thai there is no limit to the answers which may 
be given to this qnestiim. 

Ex. 3. How much linen, ai 2s, per yard, must'be taken with 
the same quantity at 2s. 5d. per yard and 216 yds, at 3& 4J. 
per yard, that the whole may be worth 2s, 6d, per yard ai an 
average ? 

Let a = the nnmber of yards at (28., i.e,) 24d. per jard; 
then a = „ „ (28. 6d., ie.) 29d. ,» 

Therefore by the question — 

24a + 29a + (216 x 40) = (a + a + 216) x 30 ; 
i.e. 24a + 29a + 8640 = 30a + 30a + 6480; 
i.e. 53a + 8640 = 60a + 6480; 
.', 7a = 2160; 
.*. a = ZO^, Anetoer, 

Ex. 4. What quantities of tea, worth 8s., 7s, 6d,, and 65. 6dL 
per lb, respectively, must be mixed together to form a parcel cor^ 
iaining 112 lb. worth Ts. id, per lb, f 
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Let a — the number of lbs. at (8a., i.t,) 96 pence per lb. 
and 6= „ „ (7b. 6d., t.c) 90 

.*. 112-(a+6)= „ „ (6b. 6d., t.<j.) 78 „ 

Therefore by the question — 

96a + 906 + 78 (112 - a - 6) = (112 x 88 =) 9856; 
t.e. 96a + 906 + 8736 - 78a - 786 = 9856 ; 
t.<f. 18a + 126 = (9856 - 8736 =) 1120 ; 
t.e. 3a + 26 = 186§. 

Assume that a = 26} (at 8s. per lb.) 
Then since 3a + 26 = 186}, 
we have 80 + 26 = 186} ; 

i.e. 26 = 186} -80= 106}; 
. •. 6 = 63J (at 7s. 6d. per lb.) 
And since 112 - a - 6 = the number of lbs. at 6s. 6d. per lb., 
wehave 112 - 26} - 63J = 112 - 80 = 32 (lb. at 6s. 6d. per IbO 

Anmet^ 26}, 53}, and 32. 

122. In conducting commercial transactions between 
different nations, it is sometimes required to know how 
much money in the coinage of one country will liquidate 
a debt in the xoinage of another country. The rule by 
which this is found is called the Bole of Ezchaiige. 

Def. THE PAE OF EXCHANGE between two 
countries is the intrinsic value of the money of one country 
as compared with the money of another country. 

This par wiU only vary when the coins in either country vary in 
fineness, weight, and nominal value, except when the standard coins are 
of different metals, e.g, — 

. The English (gold) sovereign 11 

OnginaUy, The Dutch (sUver) florin = T = ^^ 5 

Afterwards^ gold having become scarcer, and silver having became 
more plentiful. 
The EngUsh (gold) sovereign _ llj _ _ , 
The Dutch (sUver) florin "" 1 ~^^^' 
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Tbii TarUiioii of the FUr of Exchange wms owing to the fact thai, whfla 
Eng^d has adopted gold for it« standard coin, Holland has chosen 
silTer as the metal of which to make its standard coins. 

To proTide against the di£Scalty occasioned by this and other eansea of 
variation in the Par of Exchange, another term has been invented and 
adopted ; this u 



THE COUESE OP EXCHANGE, which, at any par- 
ticular time, is the sum of money of one country which, 
at that time, is given for a fixed sum of the money of 
another. 

Thus, althoagh the Par of Exchange fixes the value of £1 sterling in 
English money at 25*22 francs in French money, an English merchant 
would regulate his payments by the Course of Exchange which would 
perhaps fix the exchange at 26*32 francs for £1 EngUsh. 

The causes which chiefly influence the Courte of Exchange wiU be more 
easily understood after the use of 

B1118 of Exdiange has been explained. 

For various reasons it has become a universal practice with merchants 
seldom to send coined money in payment for goods, but to employ these 
written instruments, called Bills of Exchange instead. A biU of exchange 
may be defined as " a vmttcn instrument drawn up by one person and 
directing a second person to pay a third person a certain sum of money, at 
a certain datCy charging the same to the drawer of the bill.** 

The f oUowing iUustration wiU explain this definition — 

A merchant in England, whom we wiU call A, buys goods of B in 

America to the value of £1200, while in America buys goods of D in 

England to the value of £1000. If these debts are paid in*coin, £1200 

must pass from England to America, and £1000 from America to England, 

and a moment's consideration will show that if aU commercial transactions 

were conducted in the same manner, there would be such a great demand 

for coined money that many merchants would have to restrict their 

business for want of cash. Besides this great inconvenience, there would 

be the smaUer ones, such as loss of interest on the money during its transit 

from place to place, the cost of insuring it against robbery or shipwreck, 

and the reduiction in the amount of current coin whenever any was lost in 

the sea. 

All these difficulties are obviated in the foUowing manner — 

A wiU send to B a BiU of Exchange for £1200 payable in London, and 



PERCENTAGES, ETC. 243 

O will give D a Bill of Exchange for £1000 payable in America, and 
wherever the credit of A is good {i.e, wherever he is considered sure to 
pay the money when due), B can get the value of £1200 for the bill he 
holds from A. He may take this biU to C, and buy goods from him with 
it ; C will send it to D to pay his debt of £1000, receiving a similar bill 
for £200 from D to put the difference straight. D wiU present the bill 
for £1000 to A, perhaps for goods received from him ; and thus, by means 
of this one biU, goods have been bought and sold to the extent of £4000 
without the passing of a single coin. 

Since there are, in every country having foreign commercial dealings, 
thousands of merchants wanting to buy bills, and others desirous of selling 
them, and those anxious to buy bills may not have time to seek those, who 
have them to sell, the business of buying and selling bills is usually 
conducted by bill-brokers, 

Kow, it is evident that whenever the imports from France into England 
exceed the exports from England into France, tfie total amount of money 
owing by England to France will be in excess of that owing by France to 
England; in other words, the total amount of the Bills of Exchange drawn 
in England and payable in France will be in excess of the bills of France 
payable in England. As a natural consequence, the bill-brokers in 
England would be called upon for more bills on France than their agents 
in France would have corresponding bills on England. However, the 
English brokers would still issue bills of their own payable in France, 
and, to make up the difference to their agents in France, they would send 
over to them either coin or bullion. Now, as we said above, the passage 
of this coin would be accompanied by risk and loss of interest, therefore 
the brokers would charge a little above the Par of Exchange for these bills, 
and indeed for all their bills on France, and the varying price they thus 
charge is the great cause of the variations in the Course of Exchange, 

It should be noticed that the Course of Exchange never differs very 
much from the Par of Exchange, because, if it wcw so, merchants would 
send coined money to pay their foreign debts instead of sending bills.* 

In foreign exchanges,t one place always gives another 9. fixed sum or 
piece of money for a variable sum. The former is called the OEBTAIN 
BATE, the latter the yabiable batb. 

* The student is referred to ** Principles of Political Economy y** by 
John Stuart Mill, book iiu chap, xx., for further information on Exchanges. 

+ " Arithmetic in Theory and Practice,** by James Thomson, LL.D., to 
which the student is referred for further particulars concerning the details 
of exchange between commercial countries. 
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Tlam, m nthntgt wiA Portugal, LoadoB givca for oas ailree 
laae» g f—ggf iwn eiM M B 68 peace. Here 1 Hfliee k Ifce jbof 
Md <5 fCMC, 68 fCMC, fte^ tihe wa-MUe ^ricc 

WbeB Kngfanif Ium more to paij to Fnmee tfaaa to neeire froai ber, 
bflb OB Fianee are aud to be abcpe par, or of • proalva; and vlieaefTer 
liffla OB Vraatm are at a preaiiam in Thg^nd, litlla oa "Kngiaiid aie ai a 
ditemnU in Tnnee, In socii a case the ezdiange is and to he ag^onat 
Eni^Uuid, and vice vend. If, boverer, bflb are at a far in either eountxy, 
tbejr are at a par also in tbe other. 

There if one other term of exchange which requrea to be explainwL 
TUfl 



AKBITEATION OF EXCHANGE, which may be defined 
as the estimation of the Bate of Exchange, found by com- 
paring the price of bills, bollion, &c., in several different 
countries at the same time, or in all the countries of the 
world. 

In explanation of thif term it wiU be gofficient to quote the following 
paitage from Stuart Hill'g ** Political Economy :" — 

** It remaina to obierve, that tbe exchanges do not depend on the balance 
of the debts and credits with each country separately, but with all coun- 
tries taken together. England may owe a balance of payment to France, 
but it does not follow that the exchange with France will be against 
England, and that bills on France will be at a premium; beeauae a 
balance may be due to England from Holland or Hamburg, and she 
nay pay her debts to France with bills on those places, which is techni- 
cally called Arbitration of Exchange. There is some little additional 
expense— partly Commission and partly loss of Interest — in settling debts 
in this circuitous manner, and to the extent of that small difference the 
exchange with one country may vary apart from that with others ;* but in 
the main, the exchanges with all foreign countries vary together, accord- 
ing as the country has a balance to receive or to pay on the general 
result of its foreign transactions.*' 

The Par of Exchange is sometimes called the " Arbitration 
Price/* being evidently the Rate of Exchange found by com- 
paring the price of bullion in different countries. 
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Arbitration is called Simple or Compound, according as 
three or more places are concerned in the estimation. 

The Bute called Arbitration of Exchange may be explained 
to be " the process of finding the Rate of Exchange between 
the first and last of a given number of places when the 
Course of Exchange between the first and second, second 
and third, &c., &c., is given. 

123. All Questions in Exchange depend for their solu- 
tion upon the principles of Practice and Proportion. The 
following will serve as examples — 

Ex. 1. Reduce £84, 195. 2d, English money into French 
money at 25'2 francs to the £1 sterling. 

By Proportion we have— 
As £1 : 25*2 francs :: £84, 19s. 2gL : its equivalent in French francs; 



25-2 francs x ^^' ^^' ^^ = Amwer. 

XtX 



%,€. ( 



25*2 francs x 



20390d. 
240d 



Or- 

By Practice we have — 
10s. = ^ of £L 



':-) 



2140*95 francs = Antwer, 



25*2 francs : 


= the equivalent of £1. 




84 




' 




1008 








2016 








2116*8 


francs 


= the equivalent of £84. 




12*« 


» 


— >> »> 


lOs. 


63 


9» 


— it f> 


5s. 


4-2 


» 


^- f > 99 


3fl.4d. 


105 


>». 


-- >f 99 


lOd. 



5s. = ^ of 10s. 
3s. 4d. = I of 10s. 
lOd. :^ i of 3s. 4d. 



Answer, i ^ 2140*95 francs = the equivalent of £8^ 198. 2d. 

Ex. 2. A bill upon Hamburg is bought in London at IZ 
marks 7^ schillings per £1 sterling. It is afterwards sold in 
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Paris at 101 francs for 54 marks. WTiai is the Rate of Ex- 
change "between London and Paris ? 

This question may be thus stated — 

"//£1 in English money he worth 13 marJcB 7i schiUingt in money,of 
Hamburg^ and 54 marks in money of Hamburg he worth 101 francs, 
hmo many francs are worth £1 in English money t 

Since 16 schillings = 1 mark, we have 

13 marks 7i schillings = 13 (^ = 13 J|) marks. 

(1.) By First Prlndples, we proceed thus— 
54 marks = 101 francs ; 

.'. 1 mark = -—-francs; 

54 

.•. 13i§ marks = ^ francs x 13^ = ('^ x i^) francs = 

. 25A% francs. 
But 13H marks = £1 ; 

. *. £1 = 25^^ francs, Answer, 

(2.) By the Rule of Ohain (§ 103, page 179) we proceed thus— 

£1 = 13^ marks, '\ Dividing the product of the numbers on the 
and > right by the product of those on the left, we 

54 marks = 101 francs. ) have — 

£ (1 X 54) = (13JI X 101) francs ; 
... £1 = ^^\^ ^^^ francs = 253?^ francs, Answer. 

Ex. 3. The exchange between London and Frankfort is 11 
-ftorins 52 kreutzers for the £ sterling ; the exchange between 
Paris and Frankfort is 20 francs for 9 florins 20 kreutzers : 
what is the exchange between London and Paris f (1 florin = 
60 kreiUzers), 

(Examination for Certificates. Male students. 1863). 
^y the Rule of Chain— 

£1 = (11 florins 52 kreutzers =) 712 kreutzers, 

(9 florios 20 kreutzers = ) 560 kreutzers = 20 francs; 

.-. £ (1 X 560) = (712 X 20) francs, 

712 X 20 
/. £1 = ■,^- francs = 26f francs, Answer, 
ooU 
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N.B. — In using thia Eule of Chain it should be noticed that the first 
term on the ^ gives its name to the product of all the numbers on the 
left, and the Icat or bottom term on the right gives its name to the pro- 
duct of all the numbers on the right. 

Ex. 4. If for 1 sovereign I can buy 1 1 gulden 1 2 Jcreuizers, 
or 25 "5 francs, and for one 20'franc piece I can buy 9 gulden 
20 hreutzers, how much do I gain per cent, by buying French 
gold with my English gold before buying German money ? 

Here 1 gulden = 60 kreutzers ; 

Therefore — 

(1.) Buying German money in London, I get 11 1 guld. for £1 sterling. 

(2.) Buying German money through Paris, I get as below— 

£1 = 25*5 francs, 

20 francs = 9^ guld. 

. •. £1 = ^^i^~^ guld. = 11 A guld. 

20 

But this is an advance of (11^ - 11^ =) A guld. upon 11^ guld., 
the price received in England. 

And a gain of ^ guld. upon 11^ guld. = ( ^ x 100 = j 6| p. o. Ana. 



Exercise 42. 
Exercises in Per-centages, Alligation, &c. 

(Collected from Examination Papers.) 

I. If £600 is to be divided among 24 men, 36 women, and 72 children, 
in such a manner that 2 men receive as much as 3 women, and 1 woman 
as much as 2 children, how much does each child receive ? 

3. The number of boys in a school at Christmas 1871 was 960, but the 
next year at Christmas it was 1020 ; what was the increase per cent. ? 

3. The sum of £26 was divided amongst four men. A, B, C, D, in the 
following manner : — B's share was three times A's, C*s was three times 
B's, D's was as much as A*s, B*s, and C s, together ; what was the share 
of each? 
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4. In a town of 18600 electors *625 voted for one candidate, and *08 did 
not vote at alL How many votes were polled by the other candidate, and 
by what per-centage of the total number of votes was the contest won, 
supposing that each elector used his vote for only one candidate? 

5. If an engine and tender cost £4000, 12s. 4d., and the engine costs one- 
half more than twice as much aa the tender ; what was the separate cost 
of each ? 

6. Tea at 3s. 6d. per lb. is mixed with tea at 2s. 4d. per lb. ; what is the 
proportion of the mixture when the mixed tea is worth 2s. lOd. per Ux ? 

7. If 15 men, 12 women, and 9 boys can complete a piece of work in 50 
days ; how long would 9 men, 15 women, and 18 boys be in doing the 
same work, the parts done by each man, woman, and boy respectively 
being as the numbers 3, 2, 1 ? 

8. A man, his wife, and boy, worked in a garden : the man for 2 
days, his wife for 3^ days, the boy for 4 days. Their daily wages were — 
man's to womao's in the ratio of 7 to 4, and woman's to boy's in the ratio 
of 7 to 3. Their total earnings amounted to £1. What were the daily 
wages of each? 

9. A, B, and 0, respectively, invested £6413, £5247, and £4081 in a 
business in which the net profits in one year were £1123, Is. 2|d. What 
was the share of each ? 

10. A, B, are sent to empty a cistern by means of two pumps of the 
same bore. A and B go to work first, making 37 and 40 strokes, respec- 
tively, per minute ; but, after 5 minutes, they make each 5 strokes less a 
minute, and after 10 minutes more A gives way to C, who works at the 
rate of 30 strokes a minute. The cistern is emptied in 22 minutes 
altogether, and the men are paid 12s. 7d. for their labour. How shall the 
money be divided? 

11. A, B, C join in an enterprise, to which they are to contribute in the 
proportion of 3, 3}, 3|, respectively. A pays down £220, 10s., B £205, 4s., 
and C £213, 15s. What must each one pay to the others, or receive from 
them, to make the proportion of capital accurate? 

12. Three merchants make a stock of £700; their profits are respec- 
tively, £23, Is. 5fd., £64, 3s. 3|{d., and £39, 8s. 7^ How much did 
each contribute ? 

13. A ship's company take a prize of £1001, 19s. 2d., which is divided 
according to their pay and time on board. The officers and midshipmen 
have been on board six months, the sailors three months; the officers 
receive 40s., the midshipmen 30s., the sailors 22s. a month. There are 4 
officers, 12 midshipmen, 110 sailors ; what will be each man*s share ? 
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14. A bankrupt owes £900 to three creditors, and his whole property 
amounts to £675. The dauns of two of the creditors are £125 and £375 
respectively. What sum will the remaining creditor receive for his 
dividend ? 

15. Divide £2850 between A, B, and C, giving ^ of B's share to A, and 
to C £800 more than what is given to A and B together. 

16. A merchant has teas worth 4s. 6d. and 3s. 6d. per lb. respectively, 
which he mixes in proportion of 2 lb. of the former to 1 lb. of the latter, 
and sells the mixture at 4s. 4d. per lb. What doe& he gain or lose 
per cent. ? 

17. The exchange between Russia and England is 6*28 roubles for £1, 
and between Russia and America 6*28 roubles for 4*55 dollars, also 
between America and England 4*85 dollars for £1. Find the gain in 
transmitting 6000 roubles through England to America* 

18. Suppose that from an official return, the arrivals of oxen, calves, 
sheep, pigs, and horses, in the port of London for a certain week, it 
appears that there were 3 times as many sheep as oxen, the number of 
pigs was 13^ per cent, of the number of sheep, that for every 28 pigs there 
were 25 calves, that the horses were ^ per cent, of the whole, and that 
the horses and oxen together were 3587 ; required, the number of oxen. 

19. F and G are partners in trade. F contributes f of the joint capital 
for 10^ months, and G receives | of the gain ; what was his period of 
investment ? 

20. In what ratio must beer of two kinds, worth 2^ and Sjd. per pint 
respectively, be mixed, so that the mixture may sell at 3^ per pint. 

21. Divide £7000 among three persons in such a way that if the shares of 
each be multiplied respectively by 2^, 3, and 3^, the products shall be equal. 

22. How much coffee at 2s. 6d., 3s. 4d., 3s. Sd. per lb. must be mixed 
with 45 lb. at 4s. 6d. to sell at 4s. per lb. ? 

23. If 20 bushels of wheat at 5s. per bush, be mixed with rye at 3s. per 
bush., barley at 2s. per bush., and oats at Is. 6d. per bush., how much 
must be taken of rye, barley, and oats, respectively, to make the mixture 
worth 2s. 8d. per bush. ? 

24. A wine merchant is desirous of mixing 18 galls, of Canary at 6s. 9d. 
per gall., with Malaga at 7s. 6d. per galL, sherry at 5s. per gall., and 
white wine at 4s. 3d. per galL ; how much of each sort must he take that 
the mixture may be sold for 78. 6d. per gall, at a profit of 25 per cent, 
upon the cost price? 
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25. In what quantities must teas at 5s., 6s., 83., and 98. per lb. 
respectively, be mixed, to obtain a composition of 87 lb., worth 78. 
per lb. ? 

s6. Desiring to remit £1430 to Portugal, will it be better for my 
Portuguese correspondent to have a direct rendttance &om London to 
Lisbon at 68d. per milree, or to have the money transmitted through 
Amsterdam and Paris, the exchange between London and Amsterdam 
being at 37s. 3d. Flemish per pound sterling ; and between Amsterdam 
and Paris at 56 pence Flemish for 3 francs ; while between Paris and 
Lisbon the exchange is 460 rees for 3 francs, an expense of 1^ per cent, 
being incurred in the circuitous course? {If.B. 1000 rees = 1 milree.) 



POWERS AND ROOTS. 

124. Def. 1. When any number is multiplied by itself 
once or more than once (as the case may be), the product 
is said to be a Power of that number ; and, conversely — 

Def. 2. When a given number, being multiplied by itself 
once or more than once (as the case may be), will produce 
a second given number, the first number is said to be a 
Boot of the second number. 

126. The Integral Powers of any given number are greater 
OT less than that given number according as it is integral or 
fractional, i,e, according as the given number is greater or less 
than unity, e,g, — 

Ex. 1. 2 X 2 = 4, {.e. the given number + 2, 
Bz. 2. i X J = I, t.e. the given number - ^. 
Ex.8. ljxlixli = tx|x| = |f =2i^. 
Er.4. ix Jx| = 



126. Def. 3. When any given number is multiplied by 
itself once, the product is called the "Sanare" of that 
number. 
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Thus, since 6 x 6 = 36, we say that 36 is the Square of 6. 
To signify that 36 is the product obtained by multiplying together twa 
sixes, a small figure 2 is used as below — 

36 = 62. 
Similarly, since 216 = 6 x 6 x 6, we have — 

216 = &. 
And, generally, if a; be any given number, we express— 

X X X X xhy a^ 

xxxxxxxhyx:^. 

XX XX XX X n times = 0^. 

These small figures used for this particular purpose are called Indices, 
and their use, together with that of the word FoWEB, will be apparent 
from the following table — 

a? = xx x — the second power (or squabe) of x, 
a^ = x X X X x = the third power (or oube) of x. 
x^=iX X A X XX x = thefoiarth power of x. 
afi = xxxxxxxxx = the fifth power of x, 
a?» = the n'* power of x, 

Def. 4. The Square Boot of any given number is a num- 
ber which, when multiplied by itself once, will produce 
that number. 

Thus, since 36 = 6 x 6, it foUows that the Square Root of 36 is 6. 

To signify this we introduce a new sign, V» which is an altered form 
of the first letter of the Latin word rcuiix, signifying a root. 

The use of this sign, together with a new use of the indices^ will bo 
apparent from the following table — 

i^x = the Square Root of x, 
X/x — the Cvibe Root of x, 
ijx = the fourth Root of x. 
\/x = the n'* Root of x. 

N.B. — ^The index is usually omitted from the sign for the Square Root, 
{.e. instead of v we generally use v alone. 
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L Square Boot. 

127* It is evident thai since the square of 10 is 100, the sqiiare of 
an J number less than 10 will be less than 100. 

Also, that since lOO' s 10000, the square of any number less than 100 
will be less than 10000. 

Again, since 1000^ = 1000000, the square of any number less than 1000 
will be less than 1000000. 

These and similar considerations enable ns to determine the following 
points — 

1. The Square of any number less than 10 (i.e. any number expressed 
by one figure,) is expressed by hot more than two figures. 

2. The Square of any number between 10 and 99, both indasiTe, is 
expressed by more than two figures and not more than four. 

3. The Square of any number between 100 and 999, both indusive, 
u expressed by more than four figures and not more than six. 

And, generally — 

4. The Square of 10, or any power of 10, is expressed by 1 and twice 
as many ciphers as there are ciphers in the giren number. 

And, conversely — 

1. The Square Boot of any number expressed by 1 and an even number 
of ciphers, is expressed by 1 and half that number of ciphers. 

2. The Square Root of any number expressed by more than four figures 
and not more than six, is some number not more than 999 and not less 
than 100. 

3. The Sqnaro Root of any number expressed by more than two figures 
and not more than four, is some number not more than 99 and not less 
than 10. 

4. The Square Root of any number expressed by less than three figures, 
is some number less than 10. 

128. By Algebra we find that — 

(a + 6)« = a« + 2o6 + 6«. 

The truth contained in this equation may be explained and illustrated 
by the following Arithmetical proposition-. 
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Prop. The Square of a number is the mm of— 

Ist. The Square of the tens, 

2ud. The product of double the tens " Into " * the unite, 
3rd. The Square of the units, 

Ex. 1. Let it he required to square 12. 



Now 12= 10 + ?; 

Therefore (10 + 2) 

X (10 + 2) 

100 + 20 
+ 20 + 4 



100 + 2-20 + 4 = 1^ Answer, 

Ex. 2. 438 = 402 + 2-40-3 + 3« 

= 1600 + 240 + 9 
= 1849; 

Therefore 'N^849 = 43. 

Let na now suppose that, being totally ignorant of the answer, we are 
required to find the value of Vl849. 

Since 40» = 1600, 
and 602 = 2500, 
it is evident that the answer is a number greater than 40 and less than 
60, i.e. it is some number having 4 in its tens' place. 

Therefore we put a 4 in the quo- ]^ ^' ^***^^- 

tient, and take 402 from 1849, t.e. ^^^ 

from 1849 we take 1600, and find 80 + 3 = 83} 249 
249 remainder. 249 

Now we know that this 249 which remains is the sum of — 

(L) The product of double the tens " into " the units ; and 
(2.) The square of the units. 

Therefore since double the tens = (2x4 tens =) 8 tens = 80, we divide 
249 by 80 as a trial divisor; and since the quotient is a little over 3, we 
place 3 in the units' place of the answer, and then we find that 249 is 

the exact sum of — 

« 

♦ See page 8. 
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(1.) The product of 8 tens " into " 3, and 
(2.) The square of 3. 

Therefore 3 is the units' figure. 
.'. An8W€r = 43. 
From this brief explanation the student will be able to see the reason 
of the following rule — 

RULE.— To find the Square Boot of any glyen nnmber, separate it 
first Into groups of two figures each. This grouping must be com- 
menced on the right, and proceed towards the left. 

Find now the greatest sqoare in the group on the extreme left^ 
subtract it from this group, and beside tlve remainder brln^: down 
the next group towards the right, thus forming a new dividend, at 
the same time placing in the quotient the number whose square was 
subtracted from the group on the left. 

Double this root, and find how many times the product is con- 
tained in the fignires preceding that on the extreme right in the new 
diTidend. Write the quotient on the right of the root found before, 
and also on the right of the last divisor, and then multiply this new 
diTisor by the last figure added to the quotient. Subtract the 
product from the new dividend, and, if any number remains, treat it 

as the last remainder was treated. . . 

2704(52 
Ex. 1. Find the Square Boot of 2704. 25 

102)204 
Here the given number contains two groups — 204 

viz., 27 and 04. Aruwcr, 52. 

Ex. 2. Find the Square Root of 105625. 165625(326 

Here the given number contains three groups— io5 

viz., 10, 56, and 25. 645TS^25 
The 62 = 3 X 2, with 2 annexed. 3225 

The 645 = 32 x 2, with 5 annexed. Andwer^ 825. 

4558^25(2135 
4 

Ex. 3. Find the Square Root of 4558225. 41)55 

41 
The 41 = 2 X 2, with 1 annexed. 423)1482 

The 423 = 21 x 2, with 3 annexed. 1269 

The 4266 = 213 x 2, with 5 annexed. 4265)21325 

21326 
Answer, 2133. 
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Ex. 4. Find the Square Boot of 20*25. 

The square root of a number which con- 
tains decimals is found exactly as the square 20 •25 (4 '5, Answer. 

root of a number composed wholly of in- a^rn:^ 
X 1. X • • *i. ji 1 85)425 

tegers ; but tn grouping the figures we always 425 

commence with the units^ figure, and then 

count off twos to the right and the left ; and as soon as the integers aro 

exhausted by the process for finding the square root, a decimal point is 

placed in the quotient, and the remainder of the quotient is a decimal 

fraction. 

Ex. 5. Find the Square Boot of 4-124961. 

Here, after bringing down the '12, we 
find that the 1 of this number is not l'm%l {2im, Answer. 

divisible by 4, We therefore place one . , ^ 
cipher in the quotient, and another on ^^^ i209 
the right of the 4, and bring down tho 4061) 4061 

next group of figures — viz., 49, and place 4061 

them on the right of the other group, 12. 

Ex. 6. Extract the Square Boot of 72 correct to three places of 

decimals. 

72(8480, Answer. 
64 
Since 72 = 72000000, &c., in this case 164y800 

we bring down ciphers in groups of two 656 

e&Xih. until the answer has been carried 1688)14400 

out to the required number of decimal ^^504 

pkces. ^^^^^K 

~4775 

11. Cube Boot. 

129. Reasoning in a manner similar to that pursued in the con- 
sideration of the Square Root, we shall be able to establish a rule by which 
the Cube Root of a given number may be found, but advantage ia 
taken of this opportunity to refer the student to works on Algebra for 
the scientific explanations of the rules for finding both the Square Roots 
and the Cube Roots of numbers. 
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Ex.1. 30» = 27000; 

Hence, >y27000= 30;ue. i/2f with one cipher annexed. 
Ex. 8. 400* = 64000000 ; 

Hence, >y 64000000 = 400; i.e. >y 64 with two ciphers annexed. 

Ex. 8. 5000* = 125000000000; 

Hence, /v/l25000000000 = 6000 ; i.e. i/^ ^^^ ^ru dpheri annexed. 
And, generally— 
The nomber of ciphers in the OUBB boot = 

the nnmber of ciphers in the qivkn number . 

3 

130. By Algebra we find that 

(o + 6)» = a» + 3a«6 + 3a6« + 6». 

The tmth contained in this equation may be exphdned and illustrated 
by the following arithmetical proposition : — 

Prop. 1^ Cube of a number is the mm of— 
1st. 1^ Cube of the tens. 

2nd. The product of three times the Square of the tens "into** five 
units, 

3rd. The product of three times the tens "Into" the Square of the 
units. 

4th. The Cube of the units. 



Let it he required to find the Cube of 45. 

By the foregoing proposition we have — 

463 = 40» + 3*4026 + 3-40'6s + 6» 
= 64000 + 28800 + 4320 + 216 
= 97336; 

Therefore, v/97336 = 46. 

Let us now suppose that, being totally ignorant of the answer, we are 

required to find the value of 4^97336. 

Now, since 40^ =' 64000, and 50^ = 125000, it is evident that the 
answer is greater than 40 and less than 50 ; therefore it is some number 
having a 4 in its place of tens. 
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We therefore, as below, pat a 4 in the tens' place of the quotient, and 
■ubtract 64000 (i.e. 403) from 97336, and find 33336 remainder. 

Now, we know that this remainder is the sum of — 

(1.) The product of three times the square of the tens "into" the 
units, 

(2.) The product of three times th>e tens ** Into '* the square of the units. 

(3.) The cube of the units. 

Therefore, since three times the square of the tens '* into " the units = 

3'402- the units = 

31600- the units = 

4800* the units, 
we shall be able to find the united figure of the answer by dividing 33336 
by 4800, for (2) and (3) of the component parts of 33336 are of so small a 
value compared with (I) that we may neglect them from the present con- 
sideration. 

Now^ = ?^«id^ find that 3^-6 + ; 

we therefore put 6 in the place of units, and we then find that 3336 is the 
exact sum of — 

(1.) The product of three times the square of 4 tens " into " 6 units, 
(2.) The product of three times 4 tens into the square of 6 units, 
(3.) The cttbe of 6 units. 
Therefore 6 is the units' figure. 

,•. Ansvjer — 46. 

The preceding explanation will assist the student in comprehending 
the reason of the following rule — 

RULE.— To find the Cube Boot of any given numbor :— If the given 
number is expressed by not more than three flgnres, its root is in the 
units (for 10, the smallest number of two figures, requires f(mr 
figures to express its cube ) ; if the number contains more than three 
figures, divide it into groups of three figures each, commencing on 
the right and proceeding towards the left; (the last group may 
contain less than three figures). 

Find the greatest perfect cube contained in the group on the 
extreme left, place its cube root on the right of the given number 
(t.e. in the place where the answer is written), subtract the 
cube itself firom the group^ operated upon, and beside the re- 
mainder place the grroup next on the right. From this new 



258 AniTHMETIC. 

group eat off tlie two flgirres on tlie light, difido tbo romalndor 
hf three Umet the $quare of that fgure of the antwer fimnd above^ and 
Idaoe tlie quotient on tlie rlgbt of tbat flgnre, as tlie leeond flgue of 
tbe aniwer. It now, tlie new gronp formed abore be exaetly equal 
to thru times the square ofthefiffttre on the left of the answer x the figure 
on the right, + three times the figure on the left x th^ square of the figure 
an the right, + tbe enbe of tbe flgnre on the right, tlie answer is ex- 
preeeed by tlie two figures found above, {.«. If there be no nmro 
groups of figures In the given number. 

Ex. 1. Find the Cube Boot of 175616. 

Dividing the figurei of the given number into groups of three, we have 

17S6ld, 

where the right-hand figure of each group is indicated by a dot placed 
over it. 

Kow it is evident, from reasons given above, that the cube root of this 
number is a number of two figures, so that the answer will have one 
figure in the place of tens and one in the place of units. 

It will also be evident that the 

i^ . given number is composed of four 

1 9R ( - ^ ^ components, of which the cube of 

126 V — 56 the tens ia hy t&t the greatest ; 

50616 and (since lOs = 1000, and 1003 = 

3-50**6 = 45000 1000000) the cube of the tens must 

d'SO'O* =» 5400 be in the thousands; therefore we 

6^ = 216 separate three figures on the right, 

506 16 ** above, and from the remainder, 

175, subtract the greatest perfect 

cube contained therein : this is 

125, the cube of 5, therefore 6 is 

the ten^ figure of the answer. The 

figure 5 is therefore placed on the right of the given number [i.e. in the 

place of the answer), and its cube, 125, is placed beneath the 175, and 

subtracted therefrom : the remainder is 50. 

To the right of this 50 the next group, 616, is placed, thus making 
60616. This number, 50616, contains three components, of which the 
greatest is equal to three times the square of the tens' figure of the answer 
X the units' figure of the answer. But this product cannot be less than a 
hundred (because 10 x 10 x x = lOOo;, where x represents the units' 



Answer, 66. 
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figure of the answer), and for this reason the two figures, 16, on the right 
of 5016, are separated, and the remainder, 506, is divided by three times 
the square of 5, and the quotient is put in units' place of the answer. 

Now ^^^ - 506 _ 506 _ g 

therefore 6 is placed on the right of the 5 in the answer, thus making 66, 

and that 6 is the real units' figure of the answer is proved by showing 

that— 

60616 = 3-503-6 + 3-50'6a + 6» 

= 3-2500'6 + 3-50-36 + 216 

= 45000 + 5400 + 216 

= 50616. 

Ex. 2. Find the Cube Boot of 177504328. 

Dividing this number also into groups of three figures each, we havo 

17750432§. 
We proceed, as before, to find the cube root of 177504; then we con- 
tinue the process to find the cube root of the whole given number 

177504328, thus- 

17750432§/(50 + 6) tens + 2 

125 V =56 tens f 2 



62504 =562 



3-502-6 = 3-2500'6 = 45000 
3-50-62 == 3-50-36 = 6400 

6» = 6-6-6 = 216 50616 



188 8328 
3-5602-2 = 3-313600-2 = 1881600 

3-560'2a = 3.560-4 = 6720 

23 = 2-2-2 = 8 1888328 

Answer, 662. 

Of the three figures of the answer, the 56 was obtained as in Ex. 1 ; 
then, considering these two figures as 56 tens (§ 10, N.B. 2), we separate 
two figures from the right of 1888328, and divide 18883, the remainder, 
by (56« X 3, ix. by 3136 x 3, i,e. by) 9408. 

therefore we put 2 in the units' place of the answer, and, as above, wo 
verify this result by considering the 56 as being 56 tens, 

Ex. 3. Fiiid the Cube Boot 0/ 178263433152. 
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Diyiding the given number into groups of three figures eaeh, we hare — 

17d 26§ 43§ 15i 
We proceed, as before, to find the cube root of 178263433; then we 
continue the process to find the cube root of tiie whole given number, 
178263433152— 

17A26S43$152/ (5004-60 + 2) temi+ 
125 \ 8 == 6628» ^ii«. 



3-502-6 = 


3-2600-6 = 


3-60-6« = 


3-50-36 = 


68 = 


6'6-6 = 


3-5602-2 = 


3-313600-2 - 


3*660-29 = 


3-560-4 - 


28 = 


2-2-2 = 



45000 

5400 

216 


53263 
50616 


181600 

6720 

8 


2647433 
1888328 



3 5620«*8 = 3-31684400-8 = 758025600 

3-5620-82 = 3-5620-64 = 1079040 

8» = 8-8-8 = 512 



759105162 



759105152 



Anmver, 6628. 

Of the four figures of the answer, the 562 was obtained as in Ex. 2; 
then, considering these three figures as 562 tens (§ 10, N.B. 2), we 
separate two figures from the right of 759105152, and divide 7591051, the 
remainder, by (5622 ^ 3, i,e, by 315844 x 3, i.e, by) 947632. 

^^ 759105162 _ 

^°^ 947532 =" ^+ 5 
therefore we put 8 in the units' place of the answer, and, aa above, we 
verify this result by considering the 562 as being 562 tens, 

Ex. 4. If the internal content of a cubical box be 18'191447 
cub. ft,, what is the length of one of its sides ? 

By § 36 we see that— 

The Answer = >v/l8191447 cub. ft. 



Therefore — 



3-202-8=3-400-8 = 9600 

3-20'82 = 3'20-64 = 3840 

88=r8'8'8 s= 512 



B'19i44f (2-8 



8 



10191 



13952 



1 
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Proceeding thus f (Cr, we find that 8 is too great a number for the second 
figure of the answer, because 13952 exceeds 10191. Similarly, we shall 
find that 7 is also too great. 

18-19144? (2-63 
8 



3 202-6 = 3-400-6 = 7200 

3-20-62 = 3-20-36 = 2160 

63 = 6-6-6 = 216 



10191 



9676 



3-2602-3 = 3-67600*3 
3-260-32 = 3-260-9 
33 = 3-3-3 



608400 

7020 

27 



615447 



615447 



An8iper,2'^ tt. 



In this case we have proceeded in a manner precisely similar to that 
which we should have followed if the given number had been 18191447 
instead of 18*191447, except that, after using the group of figures con- 
taining wJiole numbers, we place a decimal point after that figure of the 
answer already found. 



Ex. 5. If the solid content of a cube be 8615*125 cv^, inches^ 
what is the area required for 100 sitch cubes to stand upon ? 

Here (1) the length of one side of the cube =x \/8&l5'125, 

i6lS'125 (20*5 
8 



3*200«-6 = 3*40000*5 = 600000 

3*200-52 = 3-200*25 = 15000 

5» = 5-5-5 = 125 



615128 



615125 



Therefore (2) the area of one side of the oube = 20*5 in. x 20*5 in. 

= 420-25 sq. in. 

And (3) one hundred such cubes would require (420 '25 sq. in. x 100=) 
42025 sq. in. to stand upon. 

Answer, 42026 sa. in. 
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SOLUTIONS OP PROBLEMS. 

I. Questions selected from Government Examinations 

of Training Colleges. 

I. What will the paving of a court cost at 4fd per square 
yard, the length leing 5Sft. 6 m., and the breadth 54: ft. 9 in, ? 

The area of the court = 68 ft. 6 in. x 54 ft. 9 in. 

= 58i ft. X 64i ft. 

_ /117 ^219\ -. 

Therefore, since the paving of 9 sq. ft. costs 4|d. (hy question), we 
have the following proportion— 

9 sq. ft. : ( — - X — - j sq. ft. : : 4Jd. : Answer. 



.'. Answer = 4jd. x 2 



117 219 

^ T = l?d X 117 X 219 _ 117x219x19 , 
- 4 * 2x4x9 2x4x9x4 



9 

54093 
32 



d. = £7, 08. lO^d., Anstper, 



2. The foot of a ladder, 30 ft, long, is li ft, from a house, 
and its top reaches the upper part of a circular window ; when 
the foot is drawn away to a distance of 17 ft. from the house, 
the top reaches the lower edge of the window; what is the 
diameter of the window f 

In the accon\panying diagram, let AC represent the diameter of the 

window, let DA represent the position of 
the ladder in the lirst case, and EC its 
position in the second case. 

By Euclid I. 47, we have— 
1st. DA« = DB» + B A2 ; 
i.e, 30« = 142 + BA^ 
.-. BA' = (30« - 14»)ft. = (900-196) ft. 
= 704 ft. ; 

.'. BA = Vrnft. 
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2nd. ECa = EB« + BC» ; 
i.e. 302 = 172 + BC«; 
.-. BC« = (30a - 17«) a = (900 - 289) ft. = 611 a 

.-. BC«= Velift. 

Therefore — 
CA = (VTOi - veil) ft. = (26*53 - 2471) ft. = 1'82 ft., Awwer. 

3. One-fourth of an estate belongs to A^ ^ of it to B, and the 
remainder to C, which is worth £2500 more than A's share; 
what is the value of the whole ? 

A's share = |, and B's share = f ; * 

. *. The combined shares of A and B = | + | = |{ ; 

.-. The share of C = 1 - H = H " 4i^ = if. 

But by the question — 
A's share + £2500 = C's share ; 
i.e. I of the estate + £2500 = H of the estate ; 
•*• iU - i) of the estate = £2500; 
»•«. (it = ) A of the estate = £2500 ; 

.-. ^ of the estate = £?^ ; 

5 

.•. H of the estate = £??22JL1? = £9000, Anstoer, 

5 

4. A starts on a journey, and walks at the rate of 3 miles an 
hour ; B starts an hour and a quarter after A, and walks 4 
miles an hour. How far on the road will they he when B 
overtakes A ? 

When B starts, A has been travelling 1^ hrs. at 3 miles an hour ; 
t.e. A is (3 X 1;^) miles ahead ; therefore B has to gain (3 x 1\) miles 
to overtake A. 

Now, in 1 hour B travels 1 mile farther than A ; 

. ' . in (3 X 1|) hrs. B would gain (3 x 1;^) miles upon A. 

But in (3 X 1|) hrs. B would travel (3 x 1;^ x 4) miles. 

.*. Antwer = (3 x 1^ x 4) miles = 15 miles. 
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5. A lump of iron, coniaining 11 cubic fed^ is drawn aui 
into a cylindrical rod li yards long; what wiU he Ae thickness 
of the rod? 

(L) The tolid eorUeiU of a cylinder = height x area of ham: 
.'.11 cnbic fi. = 14 yds. x area of baaa 
= 42 ft. X area of baae ; 

.*. area of base =s _ . aq. f t. 

42 

22 
(II.) The area of a circle = rr* = -j-^* 

i,€, MultipljdDg each side of the equation by 42, we have — 
U sq. ft. = 132r« ; 
.•. r» = j^ sq. ft. = jg sq. ft. = 12 sq. in. ; ^ 

.-. r=\^in. 

.*. 2r {i,e, the diameter of the circle of the base, i.e. the ^ckness 

of the cylindrical rod) = 2 Vl2 in. 

= 3-464 in. X 2 = 6*988 In., Antwer, 

6» If 2 metres 7 decimetres 3 centimetres of ribbon be worth 
8 francs 19 centimes, how much ribbon may be bought, at the 
same rate, for 1 1 francs 43 centimes ? 

Here 2 metres 7 decimetres 3 centimetres = 273 centimetres. 
8 francs 19 centimes = 819 centimes. 

11 francs 43 centimes = 1143 centimes. 

the ribbon the ribbon 

,*. An S19 centimet : 1142 centimes :: bought for S19 : bought for 1143 

centimee centimes ; 

819 centimes _ 273 centimetres . 



i.e. 



1143 centimes Answer 



1143 
.*. Answer =■ 273 centimetres x— — ■ = 381 centimetres 

OXi7 

3 metres 8 decimetres 1 centimetre. 



SOLUTIONS OF PROBLEMS. 



265 



7. Find the difference between ^f of 3 Ulograms 1 hectogram 
6 dekagrams 1 decigram 5 centigrams 2 milligramSf and ^| of 
2 kilograms 2 dekagrams 7 decigrams 7 milligrams^ and ex- 
'press the result in kilograms alone, and in centigrams alone. 

Here 3 kilograms 1 hectogram 6 dekagrams 1 decigram 5 centigrams 

2 milligrams = 3160152 milligrams. 
And 2 kilograms 2 dekagrams 7 decigrams 7 milligrams = 2020707 

miUigram,s, 
Therefore, the An^er = H of 3160152 miUig. - H of 2020707 millig. 

= 1711749 miUig. - 1701648 miUig. 
= 10101 millig. 
= 10101 centlgrama 
= "010101 kUograms. 

8. A diamond-shaped kite, 2 feet broad, and 4 feet long, is 
covered on one face with gold leaf, which is sold in pieces 4 
inches square. How many leaves does it take ? 

Let the figure ACBD represent the kite. 
Then AB is 4 feet and CD is 2 feet. 

It is evident, therefore, that GE is a line, 1 foot 
long, drawn from the apex of the triangle AC6, 
perpendicular to its base. 

Then the area of the triangle ACB = 
^ 4ft,xlft, ^ 2 sq. ft. 



AB X CE 




Similarly, the area of the triangle ADB=2 sq. ft. 
.*. The area of the figure ACDB = 4 sq. ft. = 
(144 X 4) sq. in. 

But the gold leaf is in pieces 4 inches square, i.e. each piece of gold 
leaf contains (4 x 4, i.e.) 16 sq. in. 

144 X 4 



Answer = 



16 



= 86 pieces. 



9. A and B exchange goods : A gives B 16 cwt. of hops, the 
retail price of which is 585. per cwt., but he reckons them at 
£3, 3s. per cwt. ; B gives A 12 barrels of beer, of the retail 
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value of Is. 2d. a gallon, hut tlie value of which he raises in 
'proportion to the increased value of the hops; how much must 
he paid in money f 

Here the real value __ 58a. ^ 58 
the exchange value 63a. 63 

A gives B gooda whoae exchange value ia 63a. x 15 = 945a. 
B ffivtB A gooda whose real value ia la. 2d. x 12 timea 36, and 

whose exchange value ia therefore la. 2d. x 12 x 36 x -- 

- is X '^ X 2^ X ®^ - IM«!: = 647H. 

201 

Therefore A owes B 9458. - 547H>. = 447H«* = ^^ 78. 6H<L, Ans. 

10. What must he the depth of a cylindrical tank to hold 
50,000 gallons, its diameter heing 12 feet? 

I. The imperial standard gallon contains 2772*74 cuJbie inches ; 
.*. 50000 gallons must contain 277*274 cuhic inches x 50000, 

= 13863700 cubic inchea. 

II. The area of a circle = ir rs; 

. *. The area of the baae of the cylindrical tank = (V x 12 x 12) aq. ft. 
= (V X 144 X 144) aq. in. 

III. The cvMc content of a cylinder = height x 6<we; 

.*. llie cubic content of the cylindrical tank = height x (V *144*144) ; 
ie. 13863700 inchea = height x (V144*144); 

13863700 inches _ (13863700 x 7) inchea 
.-. Height - j^ .144.144 22 X 144 X 144 

= 24261475 jjj^j^^g ^ 212,^^ inches = 17 feet 8^A?yft inchea, Ans. 
11404o 

11. The length of apiece of four-sided timber is IS ft. 6 f«., 
the breadth at the greater and less ends 1 ft. 6 in. and 1 ft. 
3 in. respectively, the thickness at the greater and less ends 1 ft. 
3 in. and 1 ft. respectively; find the solid content. 
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The average breadth is 1/^6 ^'^' + IfLZin, ^ j j^ ^ ^ 
The average thickness is l/g-Siw. + 1/g. _ ^ j^. jj j^^ 

/. T%e «o2^i(2 content = 1 ft. 4^ in. x 1 ft. IJ in. x 18 ft. 6 in. 

= 1| ft. X 1^ ft. by 18J ft. 

= (^ X I x^^ cubic ft. = ^ cubic ft. 
\ 8 8 2 / 128 

= 28 cubic ft. 1066^ cubic in., Anstoer, 

12, A man allows his agent Is. in the jpound for collecting 
his rents ; he spends ^ih of his net income in insuring his life^ 
and this part is exempt from Income-tax; his Income-tax 
{at \0d, in the pound) is £38, 195./ what is his gross 
income ? 

I. His Income-tax, at lOd. in the pound, was £38, 198. ; 

.MOd. : £38,198. : : £1 : *** ^"j-tS-lf f ** 

£38 19s 

• ". The amount upon which he paid Income-tax = £1 x ^* , — : 

lOd. 

= E^ = £934, 16s. 

II. The cost of insuring his life = ^ of his net income ; 

. *. The amount upon which he paid Income-tax = f of his net income ; 
i,e, £934, 16s. = f of his net income ; 

• *. *- ^ = ^ of his net income : 

6 

.•. ^934 16s. X 7 = I of his net income; 

6 
1.6. £1090, 12s. = his net income. 

IIL Of his gross income Is. in the pound is expended in collecting ; 

. *. his net income = l^ of his gross income ; 

i.e. £1090, 12s. = -j^ of his gross income ; 

£1090, 12s. 1 *v 

. •, '- — ^ *- = -^ of his gross income ; 

. •. £ 1 090» Igs.- X 20 = J J of his gross income ; 
19 

i.e. £1148 = his gross income, Answer, 
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13. ^ piece of cloth, wlien measured with a yard measure 
which is two-thirds of an inch too short, appears tohe\0\ yards 
long; what is its true length f 

The apparent length _ 1 yd. __ 36 in. __ 108 , 
The true length 1 yd. - ^ in. 35^ in. ~" 106 ' 

.^ m yds. ^108. 
The true length 106 * 

. MOS times the true length = 106 times 10 J yds. = 1113 yds. 
.'.The true length = ^^\^y^^' = lOii yds., Anawer, 

14. A circular plate of gold, 3 inches in diameter, and ^ of 
an inch thick, is extended by hammering so as to cover 5 square 
yards ; find its present thickness, 

(L) The area of a circle 3 inches in diameter = (V '3*3) sq. in. ; 
. *. The solid content of the plate = (V '3'3'ji) cubic in. 

(II.) Similarly, 8urfa4;e x thickness = cubic content ; 

.'.5 square yds. x thickness = (V '3'3*ii) cubic in. ; 
t.e. 6480 square in. x thickness = {^'3'3'i) cubic in. ; 

11 

m 

360 

15. It is half past three 0* clock; at what hour wUl the two 
hands of the watch meet for the first timsf 

At half -past three o'clock the hour hand is at (15 + 2^, i.e.) 17 J mins. 

past 12, 

the minute hand is at 30 mins. past 12, t.e. it 
is (30 + 17i, t.€.) 47i mins. behind tho 
hour hand in going round the dial-plate. 

Now the minute hand gains 55 minutes on the dial-plate in an hour, 
from which it follows that — 

85 mins. : 47} mins. : : 1 hr. : *™* "''!f!'*;^°I-fe'™'' '""* 
-^ to gam 4/ 3 mms. 
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.*. The time required for the minute hand to gain 47 J mins. = 

§ ^'- = m ^'- = !'''•= *>'* "'™- 

The time at starting was 3 hr. 30 mins. 

51y\^ mins. 

4 hr. 21 A znlns., Answer, 

1 6. What number is that from which if you deduct | - f , 
and to the remmnder add the quotient of -^j divided by 5 J, the 
sum will be ^||- + 10^ 1 

Let N be the number required. 

ThenN-(^--f) + | = ^ + 10A; 

5*04 

17. Find the Square Boot of 



021 

6 04 _ 504 X 1000 ^ 5040 ^ 040 • 
•021 -021 X 1000 21 ' 

• /5'04 

• • V :q2J- = V24O = (by th« Rule) 15-5 nearly. 

Answer, 15*5 nearly. 

18. In a cricket match a certain number of the players make 
147 runs among them; in another match the sam^ players, in- 
creased by 2, make 234 runs, the average of each being 5 m>ore 
in the second case than in the first. Find the averages and the 
number of the players. 

Let N = number of players > 

, . r lu tne nrst matcn. 

and A = average > 

Then N + 2 — number of players ) . ., j . v 

, . . K r in tiio second match* 

and A + 5 = average ) 

Then by the question we have — 

(1.) NA = 1475.-. N=y?. 

A 
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(2L)(N + 2)-(A + 5)^234; 
i.e, NA + 2A + 5N + 10 = 2M; 

i.e. 147 + 2A + 5^ + 10 = 234; 

.-. 2A+^i^=234-147-10 = 77; 

.•.2A« + 735 = 77A; 
.-. 2A?-77A= -735; 

.-, A«-?I^ = -3671; 
...A..Z^-.(^)'=.367J+(^y=-3671 + 370A 

77 ^^ 

,-. A--^ = V3^=Vff = i = lJ; 

<.e. A-19i = lJ; 

.-. A = lJ + 19i =21 

.-. A + 6 = 21 + 6=26 

AndN=— =— = 7 ^-^«'"^- 
.-. N + 2 = 7 + 2= 9 

19. Multiply 3-456789 hy 107-34163. The result is re- 
quired correct to 6 places of decimals only, and no more figures 
are to he used than are necessary to secure this result 

(1.) Multiply by the 1 hundred, 
3*456789 /o \ 7 /^^ 

107-<W163 ^ ' " " 

lu/Mioo ^3 J 3-4567 by -3, because this mtdti- 



846j6789 plicand containing four decimal places, and 

1*03703 ^^ multiplier one, the product will contain 

*13827 ./^^^ decimal places. 

'00346 But, to obtain these decimal places correct^ say, 

ioooiO ^''^ ^^ = 24, 

and then, rejecting the 4, ctirry the 2 to the 



371*05785, Annoer, , x **i. 

product of three sevens. 

N.B. — If the product of the three eights had been 25, or any number 
greater than 24 and less than 35, we should have carried 3 instead of 2. Si- 
milarly, 4 would be carried for all numbers greater than 34 and less than 45. 

(4.) Multiply 3-456 by -04. 
(&) „ 3-45 by -001. 
(6.) „ 3-4 by -0006. 
(7.) „ 3 by -0000:^ 

The answer is now found by adding up these results. 
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20. In an election where the number of voters was 2424, the 
majmity of the winning candidate was 159, the votes polled by 
the candidates were in the ratio of7toQ', how many voters did 
not go to the poll? 

Let L = the number of votes polled by the losing candidate. 
Then L + 159 = „ „ „ winning „ 

Then, by the question — 

L : L + 169 :: 6 : 7. 
.-. 7L = 6(L + 159) = 6L + 954 ; 
.-. 7L-6L = 954; 

'"l;?S = 1113J--- ^ + ^ + ^^^ = ^^ + 11^^ = 2067. 

Therefore 2424 - 2067 = 857, Answer. 
Or- 

The winning candidate gains I vote out of every 7 polled by him ; 

i.e. The total number of votes poUed by him = 7 times the number he 

gained over his opponent. 
i.e. The total number of votes polled by him = 169 x 7 = 1113. 
Also, The total number of votes poUed by the losing candidate = 159 x 6 

= 954; 
. • . The number of voters who did not go to the poll = 2424 - (1113 + 954) 

= 2424 - 2067 - 357, Anvwer, 

21. £1000 was divided between A, B, and C in such a way 
that B had | of A's share, and C had f of B's share; ivhat 
was the share of each ? 

If A's share be represented by 1, 

Then B's share = | ; 

And therefore C's share = f of | = f| ; 

.• . The united shares of A, B, and C=l + J+|f =2^1, le, £1000 = 2i|. 

.*. A82|| : 1 :: £1000 : theshareof A. 

10008 

Therefore, «A««^r(!o/^ = £^ _ £.j-— = £48x8 = £384; 

"48" 

Theshareof B = | of £384 = £336 ; 
Theshareof C = f of £336 = £280. 
Ansufer, £384, £336, £280. 
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22. How many gallons of spirits, cU Zls. per gaUon, must he 
added to 16 gallons, at I7s. per gallon, and 19 gallons, at 27s. 
per gallon, to make the mixture worth 26«. per gallon 9 

Let X = the gallons at 318. per gallon. 

Then hy the question we have — 

(17s. X 16) + (278. X 19) + (31s. x oc) = 26s. x (16 + 19 + ») ; 
or (17 X 16) + (27 X 19) + (31a;) = 26 (16 + 19 + ») 

272 + 513 + 3105 = 416 + 494 + 26a;; 
.-. 31a; - 26a; = 416 + 494 - 272 - 513; 
i.e, 5a; = 910 - 785 
,\ x = 25, Antwer, 



Examination Paper. Male Stndents of the Second Year. 

Oliristmas, 1872. 

I. A man bought a horse a/nd carriage for J&IOO, and sold 
the horse at a gain of 50 per cerd, on its prime cost, and the 
carriage at a loss of 26 per cent, thus gaining 6 per cent, on 
his whole outlay; what were the buying and the selling prices of 
the horse and carriage respectively f 

Let H = prime cost of the Tiorte in pounds. 
.•.£100-H= „ carriage „ 

Then hy the question — 

i.e.^ + i (£100 - H) = £106 ; 

.-. 6H + 3 (£100 - H) = £105 x 4 
ie. 6H + £300 - 3H = £420; 
.-. 3H = £420 - £300 = £120; 
. * . H = £40, the prime cost of the horse. ^ 

And . • . £100 - H = £60 „ „ carriage. I 

. • . I of *£ = £60, the selling price of the horse ; f -*»**««•• 
and i of £60 = £45, „ „ camage.j 
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2. A butcher sold a haunch of mutton at 9 Jrf. per lb,, and a 
shoulder at 8Jrf. per lb., thus receiving 2^d. more than if he 
had sold them together at 9d, per lb. Their total weight was 
1 3 lb, ; what was the weight of each f 

It is evident that if the haunch and shonldor had been of equal weights 
the average price would have been 9d. per lb., and in this case the 
butcher would neither gain nor lose anything by selling them together 
at 9d. per lb. 

It is also clear that, for every pound by which the weight of the 
haunch exceeds that of the shoulder, the butcher will gain id. by selling 
them separately, and since his total gain is 5 times Jd., it follows 
that — 

The weight of the haunch > the weight of the ahotdder by 5 lb. 
Therefore — 

— ^ lb., i.e. jr lb., i,e. ) 4 lb. = weight of the shoulder, r 

^ ^ '' } Answer, 

And (13 - 4, t.e.) 9 lb. = weight of the haunch. / 

3. Show that, if the numerator and denominator of a fraction 
are both divided by the same number , the result is an equivaterU 
fraction; and reduce Hosll ^ ^ lowest terms. 

See § 59, and proceed thus — 

The G.C.M. of 134397 and 310323 is 327 (§33.) 

. 134397 _ 134397 4- 327 _ ttl a^^^ 
' ' 310322 310323 -T- 327 949' 

4. On the 23rd of July, 1872, a msteoric stone, weighing 47 

kilograms, fell in the south of France; on being analysed it was 

found to contain 17*2 per cent, of silica, 13 '84 per cent, of 

magnesia, 11*33 per cent, of iron protoxide, 0*12 per cent, of 

sodium chloride, 1*24 per cent, of water; find the weight of 

each of these mateiials in the whole substance, 

s 
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Bj the qneation — 

17-2 SiUoa . 



a.) 



100 - 47 Idlog. ' 



... SUioa = ^^^y^^*^ = 8*0M kUog.. Amwer. 

(2.) ^^'^ =: Magnesia . 
^ ' 100 47kilog. ' 

.-. Magnesia = ^^ ^^^'J^ ^^^ = «*W« kUog., ^nwer. 

/3 \ ^'^ __ Iron protoxide , 
^ ' 100 - 47kilog. 

.• . Iron protoxide = ^^ ^^f ' ^ ^^'^ = « 3251 kUog.. Anneer. 

100 

/- ^ 0*12 _ Sodinm chloride . 
^ ' 100- 47kilog. 

.-. Sodium chloride = ^^^,^ ^ '^^ = "OSe* kUog., Anitoei\ 
/g V 1-24 Water . 



100 - 47 kUog. ' 
.-. Water = ^^ ^^w^ ^^ = WaSkUoff.. ^7ww«r. 

18. 97 18x91 110. 91 

q. Simplify ^tt + -^tt ^ ^^^ ^ ^t? 4. iTiL±_fix. 

Here — 

And— 
2H-lH = (2-l) + («-ii) = l + i?^^ = l-i?^ = m. 



.«. IA + 2A- _ 4^ _. fjj _ 



688x247 



2H-1H m m 165x233 
Also — 

lf + 2^ = (l + 2) + (f + A) = 8 + ??^=3 + «=:3W. 
And— 

iH + iA = (i + i) + (tt + A) = 2 + y^-^??=2 + «» = 3^. 

319 

. 1 » + 2A _ M _ '^^ ^^ - 319x30 
' ' IH + 1t^ " 3^ ~ ?5[^ 719 X 13 

30 
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Again, llf + 2A = (l + 2) + (lf + A) = 3 + yy4^ = 3H?. 

And 1 15 - 1 A = a - 1 ) + (« - A) = ?^^ = «i. 

. Hf + 2A: -, 3H? -. fl» _ 688 X 266 
• • IH - 1^ Ml Ml 187 X 233* 

Therefore the question may now stand thns— 

Svmnlifu 688x247 „ 319 x 30 _^ 688x266 
^ ■'^ 165 x 233 719 X 13 • 187 x 233* 



10 

• . M X m ^ m X j^0 ^ 187 X m 

• • ^'''^'' - ur;rm 719 X 1$ m'^rm 



29x187 5423 _ , j^o j*.««^ 
719ir7- ' 6033 - ^^^' ^***^'^- 



7 



6. -^ person travelled by coach, rail, and sea; the distance by 
coach was \ that by rail, and the distance by rati was ^ that by 
sea; the cost of the journey by coach was J that by rail, and 
the cost by rail was -^ that by sea. The length of the whole 
journey was 2304 miles ; what was its cost, the railway journey 
costing 2d. per mile ? 

(1.) Find the distances travelled by sea, rail, and coach respectively. 

Let S = miles travelled hy sea ; 

then- = „ „ rail; 

and ( ^-T- 4, i.e, j ^ = „ „ coach. 

.* , S + § + I = total distance = by question, 2304 miles. 

A o 

Multiplying each side of this equation by 8, we have — 
8S + 4S + 8 = 18432 miles; 
t.e. 13S = 18432 mUes. 
.*. S = 18432 miles -7- 13 = 1417H nules travelled by sea; 

and I = 141711 mUes -T- 2 = 70811 „ „ raU; 

and I = 1417H miles -^ 8 = 177 A •» »» eowh. 
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(2.) Find the eott by rail, and, from t?uU, the eott of the whoU joumeifm 
"Bj the question — 

The railway journey cost (2<L x 708H =) 1^17^ pence. 

The journey by coach cost (^ of 1417H<1« =) ^72^ pence. 

The sea journey cost (V of 1417H<1- =) 2520^ pence. 

. * . The cost of the whole journey = 4411^ pence = 

£18, 78. 7A^, Answer. 

7. A grocer mixed 45 Ih of tea at Is, M, per lb., 95 Ih. at 
2s. per lb,, and 160 lb. at 3s. per lb.; at what price must he 
sell the mixture so as to maJce a profit of 20 per cent. ? 

(L) The cost of 45 lb. at Is. 8d. per lb. = £3, 158. Od. 
„ 95 lb. at 28. per lb. = £9, lOa. Od. 

„ 160 lb. at 3s. per lb. = £24, Os. Od. 






Therefore the whole 300 lb. cost £37, 58. Od. 

(2.) As 120 : 100 :: the selling price : the cost price 
t.e. 6 : 5 :: the selling price : the cost price. 
. * . 6 times the cost price = 5 times the selling price (§ 99.) 

• .-. The .ellipg price ^ ^. 5»- x 6 = ^gg^ = £44,14,. 

5 5 

(3.) Therefore tJie total selling price = £44, 148. ; 

And the selling price per lb. = £44, 14s. ~ 300 = 2s. ll^d., Answer, 

8. Divide 1705*7 by 36*881, a/nd multiply the quotient by 
21*6216, giving your reason for the position of the decimal 
point in the result of each process. 

The position of the decimal point may be explained by Arts. 79 and 
78, and the final answer may be found as below — 

Since 17057-7-36-881 = ||^, it follows that (1705-7 -^ 36-881) x21'6216 

- ^^Q^ll^'g^^ = ^!??^^^ = 999-97, &C, Answer. 
36-881 36-881 ' 

9. Add together £S, Is, l^d. x 5'i, £2, Zs. Id. x 27*46, I 
and £5, 155. 7^d. x 4:-i8d. 



A 
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Here £3, la. IJd. x 6-4 = £3, Is. 1 Jd. x ( 5i^^ i.e. ) ^ 

= £3, Is. l^d. x49 

9 
= 6s. 9^d. X 49 
= £16, 128. 9Jd. 

Also £2, 38. Id. X 27-4S = £2, 3s. Id. x ( ^^^q^^ > »•«. ^-, ».«• ) ^ 

= £2, 3s. Id. X 302 

11 
= 3s. lid. X 302 
= £59, 2s. lOd. 

A»d £5, 15B. 7id. X 418S =£5,163. 7Jd.x(«gJ=^.g=)f 

_ £5, 15s. 7^d. X 165 

37 
= 3s. IJd. X 155 
= £24, 4s. 4jd. 
Therefore, Answer = £16, 12s. d^d. + £59, 2s. lOd. + £24, 4s. 4Jd. 

= £100. 

10. 1/26 francs he worth 20s,, what mil a person lose who re- 
ceives payment of a debt of £l6y 5s. in francs valued at 9|A each, 

(1.) Find the number offrwnca he receives in payment of the debt. 
By question we have — 

^ ^' = number of francs received ; 

t.e. 400 = number of francs received. 
^ (2.) Find the loss on ectch franc, and from that the total loss. 
By question we have — 

^-^ = real value of 1 franc, in shillings ; 

i.e. =-8. = real value of 1 franc. 
5 

(39 \ 13 

9id., i.e. -jrfi'i i'^) t^* is the value of 1 franc as it was paid ; 

therefore (t^ - -? j^* = the loss on each franc ; 

And .'. ^i? - I ^s. X 400 =. the loss on 400 francs = the total loss. 

%.e. ( q7> B. X 400, i,e. j 58. = the total loss, Answer. 
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II. If II men, working 10 hours a day, earned 643 francs 
60 centimes m 13 days, how many days would 25 men, working 
9 hours a day, be in earning 2673 francs when the pay for an 
haufs work had increased 20 per cent. 9 



Bj First Principk 
11 men working 10 hrs. a day earned 643*5 francs in 13 days ; 
.*. Iman ,, 10 „ „ wonld earn 643'5 „ (13x11) days; 
.*. 1 „ „ Ihr. „ „ 643-6 „ (13 x 11 x 10) days ; 

• 1 1 1 13x11x10 , 

• 1 1 2fl7q 13x11x10x2673 ^_. 

. 1 01,.^ QA7q 13x11x10x2673, . . 
• • 1 ^» ♦» 9lir8. „ „ 2673 „ ^^.^^^ dyt.; 

• 25 men 9 267^ 13 X 11 X 10 X 2673 ^_ 

..25 men „ 9„ „ „ 2673 » 6435x9x25 ^^ 

And, if the wages were increased, as by the 
question, at the rate of 20 per cent., the days 
occupied by these 25 men in earning the 2673 1 3 x U x 10 x 2673 100 

ftft-ics would be "643*5 x^9"x 25~~ ^ 120 

= 22 days, Annoer, 

1 2. Find the value of the castings of the great steam hammer, 
'Weighing 225 tons, at the rate ofl^ lb. for 3d. 

Here 225 tons = 504000 lb. 
Therefore — 

Asljlb. : the yalue of 1} lb. :: 5040001b. : the value of 5040001b.; 

i.e. If lb. : dd. : : 504000 lb. : Answer. 

13. A invested £5600, B invested X4200, in a joint business, 
on condition that each should receive for management 5 per cent, 
on the profits, and that the remainder should be divided between 
them according to their capital/ after 9 months A retired from 
active participation in the management, and B invested X280O 



[ 
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more in the hiisiness, and thenceforth received 10 per cent, on 
the p'ofits for management. JVhai share ought each to receive 
of the gross p-qfits, £25Q5, Ss, 4c?., made at the end of 12 
months? 

(1.) Find the profits for mamigement due to each. 

The uniform profit for management was 10 per cent, on the gross profits ; 

i.e. 10 per cent, on £2565, 8s. 4d. ; 
i,e, £256, 10s. lOd. 
Now A managed jointly with B for 9 months, 

B „ ,, A for 9 months, and alone for 3 months ; 

but during that 3 months his profit was proportioned to that of 
6 months while managing jointly with A ; so that— 

A*s share _ 9 m onths _ 9 __ 3^ - j . 

B's share (9 + 6) months 15 5 ^ ' 

Therefore ^ — =, = ^ ^ *^ {^g^ j^»g share =i of total receipts 
3+5 Total receipts * *^ ' 

and •— — = — . i,e, B*s share =fi of total receipts^ 

3+5 Total receipts' ^ ^^-eipw 

Now I of £256, 10s. lOd. = £96, 4s. Ofd. 
and g of £256, 10s. lOd. = £160, 6s. 9|d. 

(2.) Find the profiU on investment. 

A invested £5600 for 12 months, i,e, £(5600 x 12) for 1 month. 
B invested £4200 for 12 months, and £2800 for 3 months, %,e, £(42C0 
X 12 + 2800 X 3) for 1 month. 

Therefore — 

A*s share ^ £5600x12 ^ 6 7200 ^ 67200 _ 8 /t y 

B's share £4200 x 12 + £2800 x 3 50400 + 8400 58800 7 ^ ' 

, 8 __ A*s share \ 

* 8 + 7 ~ Gross profits - profits for management f ,__ . 

^JL- lli*"^? C ^ •' 

8 + 7 Gross profits - profits for management / 
. ^ 8 A's share A's share 



(II.) 



15 - £2565, 8s. 4d. - £256, lOs. lOd. £2308, 178. 6d. 

Therefore — 

A's share = ^ of £2308, 17s. 6d. = £1231, 8s. 
And, similarly — 

"*B's share = ^ of £2308, 17s. 6d. = £1077, 9s. 6d. 



I 
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(3.) Find the total profits of each* 
A's share for [ n^a«einent = £96, 48. OJd. 
( investment = £1231, 8s. Od. 

Total, = £1327, 128. Oid. 

B's sliare for } f^^^^f * = jf]^' ^s. 9id. 
J investment = £1077, 9s. 6d. 

Total, = £1237, 16s. 3id. , 

Answer, £1327, 128. <^d. ; £1237, 16b. 3^0. 



Examination Paper. Male Students of the Second Year. 

Cliristmas, 1869. 

1. WTiat is the price of lead per cwL, if the sale of 48 cwL 
at £45, 11«. 3d, give a profit of £12, 10s, per cerU, on the first 
outlay ? 

By the question we have— 

£112^ : £100 :: £45, lis. 3d. : Prime cost of 4& ctot, of lead ; 
i.e. 9 : 8 :: £45, lis. 3d. : Prime cost of ^ cwt, of lead, 
. * . Prime cost of 48 cwt. of lead = | of £45, lis. 3d. :>= £40, 10s. 

.•. Prime cost of 1 owt. of lead ^3^' = 16b. 10^0., Anmer. \ 

48 i 

2. Bought a quantity of goods for £47, 95. 8A, payable 
twelve months hence ; sold them again for £57, Ss, 2d,, payaibh 
nine monihs hence. What is the gain in ready money, allowing 
true discount at 4 J per cent, ? 

(L) Find Present Worth of £47, 9s. 8d., due in 1 year, at 4 J per cent, 

Bj Art. 113 we have — 
100 : 104} :: Present worth of £i7, 9a. Sd. : its nomincU value ; 
ie. 100 : 104J :: Present Worth of £47, 9a. Sd, : £47, 9s. 8d. 

.*. Present Worth of £47, 9s. 8d. = ^^ of £47, 9s. 8d. 

104.J 

= £45, 8s. 9Ad. 



f 

■ I 
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(2.) Find Present Worth of £57, Ss. 2d.y due in } year, <U 4J per cenU 
By Art. 106 we have — 

S. L on £100 for } yr. at 4^1 per cent. = } of £4J = £31. 
Therefore by Arts. 109 and 113 we have — 

100 : 103| :: Present Worth of £S>1 , %s, 2di, : its nominal value ; 
t.c 100 : 1031 :: Present TTor^A o/ £67, 8s. 2d. : £57, 8s. 2d. 

.-. Present Worth of £57, 8s. 2d. = J^ of £57, 8s. 2d. 

= £55, 10s. 8d.+ 

(3.) Find the difference between the two results found in (1) and (2). 

The Answer = £55, 10s. 8d. - £46, 8s. 9d. 
= £10^ 18. Ud. 

3. Find, to two places of decimcUSf the value of — 

1 5 -f Vi o 30- VlQ 
16 - Vio 30 + Vio * 

15 +JN^ ^ (15 + ViO) X (15 + ViO) _ (15 + Viop 

^' 15 -Vio (16- ViO) X (16 + ViO) ^^' ~ 162-10 - 

225 + 30 Vio + 10 _ 235 + 30 VJO _ 235 + 30 times 31622 _ 
225-10 216 215 

235 + 94-866 _ 329866 _ i.t^A 
2i5 '"2i5 ^^ 

/o 30- Vio __ (30 - ViO) X (30 - VIO) _ (30 - Vioja _ 

^-•^30+Vro"'(30+ViO)x(30- Vio) ^^^^^"" 302-10 " 

900-60ViO + lQ _ 910 -60 Vio _ 91-6vl0 ^ 
900-10 890 89 

91-6 times 31622 _ 91 - 18-9732 _. 72*0268 ^ .^qq 
89 89 89 

(3.) Therefore— 

Answer = 1-634 + '809 = 2*348, &c. 

4. Show that — 

1 + o-^ + o ' o^ «a + o 5-^^i ia = 1-0736. 

3x6 2x3x62 2 X 3 X 4 X 6^ 
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1= 1 

1 1 _ 



3x5 16 

1 ^ 1 = :o^ = 

2 X 3 X 53 (3 X 6) (2 X 6) 10 

1 ^ 1 = :52? = "9^ 

2x3x4x5» (2x3x5«)(4x6) 20 2 



-066^ 
•0065 
*000S 



Totals: .... 1-0736 

5. If the third satellite of Jupiter be '000085 of the mass of 
the planet, and '02947 of the mass of the earth, find the mass 
of the earth in terms of the mass of the planet, to three places of 
decimals. 

Let P == mass of the planet, 
and £ = mass of the earth. 

Then by the qaestion we have— 

'02947B= -OOOOSSP. 

• '. Multiplying each side of this equation by 1000000 we have— 
29470B = 85P. 

Answer, -OOS. 

6. If I buy 15 chests of tea, each containing 36 kilogrammes 
37 grammes, at 315 francs 4 centimes a chest, and retail the 
tea at 20 grammes for 25 centimes, do I gain or lose f How 
much? 

(L) The prime cost of the tea = 315 fr. 4 0. x 15 = 4725 fr. 00 0. » 
472560 0. 

(2.) The weight of the tea = 36 kilog. 37 gr. x 15 = 540555 gr. 

Therefore the cost price of the tea = LqkVr- por gr. 

25 c 
^Mt the HUing price oiihd iQ9. = ^.^ pergr. 
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Therefore the gain on the sale of 1 gr. = ^ - ^^^ 

_ 5c. _ 31504c. 
4 36037 

_ (5 X 36037) c- (4 X 31504 ) c. 

4x36037 
_ 180185 c. - 126016 c. 

4 X 36037 
= 6^169 c. 
4 X 36037' 
,\ The total gain (».«. the gain on the) _ 54169 c. KAaaR^ 
sale of 640556 gr.) j ~ 4 x 36Q37 

15 

_ 54169 X fiiL0W 

" 4 X ^00??"" °' 

_ 812535 c. 

4 
«= 20313375 c. 
= 2031 fr. 33*76 c, Answer, 

7. Find the value of 17875 ells - 4-65625 yds, - 1-267146 
of 7 yds, 3 nls.y at 4:d, a yd. 



(1.) 17-875 ells = (17-875 x f ) yds. = 
(2.) 4-65625 yds. = 
(3.) 1-267146 of 7 yds. 3 nls. == 
1-267146 of 7^ yds. = 



4*65625 yds. 
9*107616 yds. 



22-34375 yds. 



13-76386 yds. 



8-57989 yds. 
But the price per yd. = • • . 4d. 

Hence the value of 8-67989 yds. = , • . 34*31956d. 
Answer = 34-3196d. = 2b. 10*3196d. 

8. A person has stock in the 3 per cents, which brings him in 
£240 a year. He sells out one-fourth of the stock at 87 J, and 
invests the proceeds in railway stock, when a £100 share is 
worth £17 4 J. IFhat dividend per cent, per annum ought the 
railway stock to pay so that he may increase his income £40 a 
year by the transaction ? 
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Here ^^, i.e. 80 = the number of " centi." in the 3 p. o. Stock. 

. * . 80 ~ 4, i.e. 20 = the number of " cents." sold out at 87^. 
Therefore £87| x 20 = amount invested in Railway Stock ; 

And . * . I = the number of "cents." of Railway Stock purchased. 

And, if R = the rate per cent, per annum paid in Railway Stock, 

.*. £ * ,. X R = income received from Railway Stock. 
174i 

Now the total income in the 3 p. c before selling out was £240 ; 

. *. The income on one-fourth of the original 3 p. 0. Stock was £-~ = £00; 

4 

.'. The income on the Railway Stock was £60 + £40, t.e. £100. 
Therefore we have — 

£87i_x20xR _ niot\. 

174i ^^^' 

i.e, £87i X 20R = £100 x 174J = £17450; 
i,e. 1745R = £17450 ; 
.'. R = 10. 

Anstoer, £10 per cent. 

9. Assuming that an express train runs 40 miles an how^ 
and an ordinary train 30 miles an hour, and that the express 
fare is ^d, per mile more than the ordinary fare— find how 
much a man^s time is worth if it costs him the same to travel by 
one or by the other. 

The extra expense incurred by travelling 40 miles by the express train 

= id. X 40 = lOd. 
The. extra time required to travel 40 miles by the ordinary train 

.•. The value of i hr. = lOd. 

,•. The value of 1 hr. = lOd. x 3 = 2s. 6d. 

Answer, 28. 6d. per bonr. 

10. A man embarks his property in four successive veniures. 
In the first he clears 100 per cent,, and in each of the others lie 
loses 20 per cent. Show that there remains to him 2*4 per eerU, 
profit on his original outlay. 
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Let P = his pr9i investment ; 
. * . P = also his first profit ; 
and 2P = his zewnd investment ; 

. * . 2P - 20 per cent, on 2P= (t^<V» i.e. ) | pf 2P= ^ = his third investment; 

5 

(8P \ 32P 
f of -^ , i.e. j -J—- = his fourth investment ; 

.• . Similarly ( f of -jr^, i.e. ) - ^^ = final remainder ; 
\ 25 / 125 

And therefore ( .^±. - P, %.e.\^—= the final gain. 
\ 125 / 125 

But this is the gain on P ; 

3P 
Therefore — - : P : : the gain per cent. : 100. 

12o 

3P 
•'• 10K ^ 100 = the gain per cent, x P ; 

3 
• ' • ToK ^ 100 = the gain per cent. 



i.e, ( -— , i.e. V 2'4 = the gain per cent. 



A C 


B 


F 


E 


i 

Id 



II. The area of a rectangle^ one of whose sides is 22 feet 
longer than the other, exceeds six times the square of the shorter 
side by 8 sq, ft. ; find the dimensions of the rectangle. 

(L)LetABDF A 
be the rectangle, 
and CBDE the 
square on BD, 
the shorter side. 
Then by the question AC is 22 ft. long. 
(2. ) Let a; = length of CB, or CE, in ft. 

Then {22 + x)x = area, in sq. ft., of ABDF ; 
and a^ = area, in sq. ft., of CBDE. 
.-. {22 + x)x = 6x^ + 8; 
i,e.22x+ x^ =:6a;a + 8; 
i.e. 5x^ -22x= -S. 
And, solving this quadratic equation, vre have — 

6 - 5 

.\x = ^^ +| = 4or2. 
5—5 
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So that AB = (22 + 4, t.e.) 26 ft., in which ease BD = 4 ft. ; 
or (22 + f, t.e.) 22| ft., in which case BD = | ft. 
Anstcer = 26 ft. and 4 ft. ; or, 22| ft. and | ft. 

12. The square of the arithmetic mean between two numters 
exceeds that of the geometric mean by 400 ; and the square of 
the geometric mean exceeds that of the hamumic mean by 144 ; 
find the two numbers. 

Let a and h be the two numbers required. 
Then — -— = their Arilhmdic mean ; 

Vod = their Oeometric mean ; 

and ■ = their Ba/rmonic mean. 

a + 6 

But by the question we have — 

(L)f*±^- 06 = 400; 
4 

.-. (a + 6)3-406 = 1600; 
ic. o^ + 2o6 + 68 - 4a6 = 1600; 
i.«. oa-2a6 + 62=1600; 

.*. o- 6 = 40; 

.-.0 = 6 + 40 (I.) 

^^ o6(o + 6)a-4o»6g ^ I44. 
(a + 6)8 ' 

.^ ^j^4ja6 + 6i-J«6 ^144. 
(a + 6)8 

(o + i)" 

+ 

* * O + 6 V06* 
Bat by (I.) we have o - 6 = 40 ;' 

. 40 _Jg_. 

' • a + 6 V^* 

.-. 40V56 = 12 (0 + 6)1 
.•. 10 Va6 = 3 (o + 6). 
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Substituting 6 + 40 for a, we have— 

10V6(6 + 40) = 3 (6 + 40 + 6) 
= 66 + 120; 

.•. 6V6» + 406 = 36 + 60. 

Squaring both sides, we have— 

25 (68 + 406) = 968 + 3606 + 36OO ; 
».e. 2568 + 10006 = 968 + 3506 + 3600; 
.-. 1668 + 6406 = 3600; 
.'. 68 + 406 = 225; 
.-. 68 + 406 + 400 = 625; 

.•. 6 + 20= + 25; 

.•. 6 = +25-20 

= +5 or -45. 

But a = 6 + 40 

= (+5 + 40, i.c.)45; 
or (-45 + 40, i.e.) -5. 

.*. Answer = 5 BJiA 4B, OT -Sand -4R. 

13. Assuming the earth a sphere whose radius is 4000 miles, 
what decimal fraction, of the surface is occupied by England 
and Wales, the area of which is 37324915 acres? 

The surface of a sphere = (diameter)8 x ^ ; 
.'. The surface of the earth = 64000000 sq. miles x \^ 

= 64000000 X 640 acres x ^ 

. T he surface of England and Wales _ 37324915 

The surf ace of the earth 64000000x640x2/ 

37324915 x 7 

^rnorn X 640 >^ 22 
= •00029 nearly, Amwer, 



m • 



!f 



if 



I 

I, 

M 



APPENDIX. 



■•o*- 



EXAMINATION PAPERS. 
I. Papers of the London University. 

No. 1. Marticidation Examination. January^ 1870. 

1. Find the value of } - t^ + -^j and divide iJ by the result. 
Divide '0075 by 25*6, and state the principle upon which you &x the 

position of the decimal point in the quotient. 

2. Reduce nine inches and nine tenths to the decimal of a mile ; and 
find the value of -0625 of 1 ton 2 cwt. 3 qr. 12 lb. 

3. A sells goods to B for £115, 198. 2d., and gains 10 per cent, on the 
price he originally paid for them. B sells the same goods again, and 
loses 10 per cent, on the price at which he bought them. At what price 
did A buy the goods, and at what price did B sell them? 

4. What annual income will be produced by investing £13000 in a 3^ 
per cent, stock at 91? and by investing the same sum in a 4 per cent, 
stock at 96? 

5. Extract the square root of 10074538384; and find the value of 

\P> — 1 

—^ — to four places of decimals. 

V2 + I 
Prove that no square number can end with one of the digits 2, 3, 7, 8. 

No. 2. Marticulation Examination. June, 1870. 

z. If a tax of 12 per cent, on the income of a country brings in 
£5,200,000, how much will an Income-tax of 5 pence in the pound 
bring in? 

2. Express 31875 and the circulating decimal '062636363 (where the 
figures 63 recur) by vulgar fractions reduced to their lowest terms. 
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3. Exiraot the iqnare root of '0001841449 ; and find to four plaeei of 
decimali the square root of 269||. 

4. Explain the difference between Interest and Discount. Find how 
much £211*5 will produce at 4 per cent. Simple Interest in 13 yean 6 
months. 

5. Three graziers, A, B, C, agree to hold a pasture in common. A puts 
in 8 oxen for 10 months, B 7 oxen for 12 months, C 20 oxen for 5 months, 
at a rent of £66 per annum. How much should they each respectiyely 
contribute towards the rent? 

6. The national debt of a country was increased by one-third during a 
war. For a period of ten years after peace supervened £2,000,000 of 
the debt was annually paid off. At the end of the tenth year the rate of 
interest upon the debt was reduced from 6 to 5 per cent. ; and it was 
found that the interest became precisely the same as it was before the 
war broke out. Find how much was added to the debt during the war. 

No. 3. First B,A. Pass Examination. July, 1870. 

X. Prove the rule for finding the Qreatest Common Measure of two 
numbers. 
Reduce the fraction H^i ^ ^^^ lowest terms. 

2. (a.) If 640 acres go to a square mile, what is the length of the sides 
of a square plot of ground which contains 100 acres ? 

(&.) Find the square root of the circulating decimal '111 

In applying the ordinary method of extracting the square root to this 
example, state any law that you may notice in the form of the digits 
which express the successive remainders. 

3. (a.) An express train, which ought to travel at uniform speed, after 
being an hour in motion, was delayed half-an-hour by an accident ; after 
which it proceeded at three-fourths of its original rate of speed, and in 
consequence arrived at the end of its journey 1 hour 50 minutes behind 
time. Had the accident occurred (and the same delay and subsequent 
retardation taken place) after the train had travelled a distance of 60 
miles, it would have been 1 hour 40 minutes behind time. Find the 
length of the line. 

(6.) Supposing the above question were varied in the latter part ci it 
by your being informed that **had the accident occurred when the train 
had gone half-way^ it would have arrived 1 hour 20 minutes behind 
time/* would that information have been incorrect? Would it havo 
enabled you to determine the length of the line? 
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No. 4. Marticulation Examination, January , 1871. 

1. Simplify 54^8 ynr-rt^ . ^^ ^^^^ .Q^Q^^g y^^ g.^^^ 

2. state and prove the rule for finding the Least Common Multiple of 
two given numbers. 

Define a Prime Number. Express 364, 2520, and 5455 as products of 
powers of prime numbers. 

3. Find the value of '01625 of £204, 3s. 4d. ; and reduce 8 lb. 5 oz. 
14 drs. to the decimal of a quarter. 

4. What fraction, when multiplied by itself, produces -^^ ? 

What is the length of each side of a square court which contains 
43785-5625 square feet? 

5. Supposing a gallon to contain 277| cubic inches, find approximately 
the number of gallons of water which would cover a square mile of ground 
to the depth of an inch. 

No. 5. Marticulation Examination, June, 1871. 

1. If the circumference of a coach wheel measures 17 ft. 1\ in., how 
often will it turn round in traversing a distance of 8 miles 260 feet? 

2. (a.) At what rate of Simple Interest will £325 amount to £379, 3s. 
4d. in 5 years. 

(6.) What rate of interest for money can b» obtained from 3 per cent, 
stock when £100 of stock can be bought for £85 in cash? 

q. Express ^—- and (^ -jl+?:?-i^\j^ ^ j^ lowest terms. 



4. Find the value in decimals of 1 ; and the quotient of the 

recurring decimal '2323... divided by the recurring decimal '28752875... 

5. Extract the square root of 32400005625; and find the value of 

—7= — - - —7= — - ; in both cases to four places of decimals. 
V5-3 V5+3 

6. If a man can do a piece of work in 77 hours which a boy wants 121 
hours for, in how many hours, minutes, and seconds can they do it con- 
jointly? 
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7. Add together (VE + V3 + V^+ 1)3, (V5 + V3 - \/2 - 1)3, 
(V5 - V3 + V2 - 1)2, (V5 - V3 - V2 + 1)2. 

8. A labouring man was hired upon the agreement that he should 
receive 2s. 8d. for every week day when he came to his work, and should 
forfeit 6d. for every such day when he stayed at home, except for illness, 
in which case he was neither to receive nor pay. At the end of eight 
weeks, during which time he was kept at home only one day on account 
of illness, his employer had to pay him exactly £5. How many days waa 
he absent from work ? 

No. 6. First B.A. Pass Examination. July, 1871. 

1. Find the Greatest Common Divisor of 1287000 8nd 504504 ; and prove 
that every common divisor of two given numbers divides their greatest 
common divisor. 

2. (a.) How long will an up-train and a down-train be in passing one 
another, if each of them be 44 yards long, and if each of them travels at 
the rate of 30 miles an hour? 

(6.) A metre being 39*3708 inches, state accurately, as far as three 
places of decimals, what decimal fraction a foot is of a metre. 

3. The population of a country is at present 32,000,000, and increases 
at the rate of 5 per cent, every year ; what will it be at the end of 5 years? 

II. Questions proposed in the Examination Papers for 
Science and Art Schools and Classes, South Kensington. 

1867. 

1. If an arc of a circle measures 50 feet, while the radius is 18 feet, 
what is the area of a sector whose base is the given arc? 

2. Find the L.C.M. of 16, 24, and 30, and explain the method. 

1868. 
X. Calculate to four places of decimals the value of this expression — 

i of -31416 
4/^ * - 

2. If the circumference of a circle is 100 feet, what will be the area of 
the inscribed square ? 

3. If out of a triangle, all of whose sides are 10 feet, the inscribed 
circle be taken away, what is the area of the remaining portion ? 

4. Extract the square root of 37 - 20 V^. 
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1869. 

z. Explain the method of turning a vulgar fraction into a decimal. 
Find the decimal fraction equivalent to ^^ to four places. 

2. Extract the square root of 141*7 to two places of decimals. 

*/*071 

3. Reduce 4 ^ (3-7p *® * decimal, to three places, correctly. 

1870. 

z. Convert ji^ into a decimal fraction, and find the vulgar fraction 
corresponding to the recurring decimal '22^97. 

2. Show, hy proper attention to the value of the figures in multiplying 
one number by another, that the order in which the figures of the multi- 
plier are taken is of no importance. Multiply 61*143 by 47*982 correctly 
to three places of decimals, beginning with the left-hand figure of the 
multiplier, and use as few figures as possible. 

^ ^ i/5 l2 + y ^03375 . . , X . , J . , 

3. Beduoe — 5/== — s/^yr to an eqmvalent simple decimaL 

1871. 

1. A foreman has 116 half-crowns, and wants to pay 50 men, some 
at 6s. 6d. and some at 5s. 6d. each. He finds he can do this without 
change by paying them in groups. How many are there in each group? 

V175- V^ . . , . 

2. Reduce V3^5 - V2^1 *® Bimplest form. 

1872. 

1. Show, by an easy example, that division of one whole number by 
another is equivalent to a series of subtractions. 

Divide 1*02 by ^ of 144. 

2. If a parcel of 12 lb. weight be carried 80 miles by rail for 2s. 4d., 
and the rate for the distance over 50 miles be two-thirds of the rate for 
the first fifty miles, how far can a parcel of 8 lb. be carried for 4d. ? 

3. If the 3 per cents, are at 91j^, what interest does this give on £100? 
(Omit brokerage and fractions of a penny.) 

4. How many lb. in '321875 of a ton weight? Convert it into kilo- 
grams (omitting fractions), assuming that a cubic decimetre of distilled 
water weighs 15432*35 grains. 
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5. A train earrying three classes of passengers at 6d., 4d., and 3d., has 
eight times as many of the third class as of the second class, and seven 
times as many of the second as of the first class. The whole sum re- 
ceived was £19, 78. 2d* How many first class tickets were issued? 

1873. 

I. Eeduce ^ and -g^ to decimal fractions; then multiply them 
together, and divide the product by "OOOOOZS. Beduce the quotient to 
a vulgar fraction. 

s. A vessel steams 16 knots (or nautical miles) per hour. How many 
metres per second is this equivalent to, taking 1 metre as 3*2809 feet, and 
1 knot, or nautical mile, as 6086 '5 feet? 

3. A tile of copper, 1 foot long, 9 inches wide, and | of an inch thick, 
is rolled into a plate 6 feet long and 4 feet wide. How thick will the 
plate be ? Give your answer both as a vulgar fraction and in decimals of 
an inch exactly. 

4. I purchase 2| cwt. of tea at £13, Is. 8d. per cwt., and 1} cwt. at 
£18, 12s. per cwt. I mix them, and sell the mixture at 3s. 6d. per lb. 
What is the profit per lb., the profit per cent, on the outlay, and the 
profit per cent, on the selling price ? (Two decimal places sufficient.) 

5. A cargo steamer leaves port at the rate of 8^ miles per hour at 3 A.1C 
on Monday. At midnight a despatch boat starts in pursuit at the rate of 
16 miles an hour. When will they be in sight of one another, supposing 
them to be visible 6 miles off? 

6. Find by how much the square root of 9 + , 1 differs from -y^. 

^ "*" 7 + J ^^ 

Which comes nearest to 3 + ^'N^ ? 

in. Examinations in Government Training Colleges. 

No. 1. Examination of Candidates for Admission. 1859. 

I. Explain, as you would to children, how to subtract 1607 from 10340. 

s. How many francs, each 9Jd., are there in £2850? 

3. A train, consisting of 3 first, 4 second, and 5 third class oarriagee, 
travels from London to York, a distance of 191 miles. Each first class 
carriage contains 18 persons, each second class 32, and each third dass 
48. The rates per mile are— 1st class 2|d., 2nd class l}d., 3rd class Id. 
Find the sum of the fares paid by the passengers. 
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4. Find, bj Practice, the cost of 1087^ pounds of butter at lljd. per 
lb. ; and of 15 aorei 24 poles of land at £7, 13b. 9d. per acre. 

5. Find the cost of cleaning 7260 square yards of ground at Is. 9}d. 
per perch. 

6. Find the Income-tax on £498, 15s. at 7d. in the pound. 

7. If 18 horses eat 37 qrs. 7 bush. 3 pks. of com in 45 days, in what 
time will 50 horses eat 25 qrs. ? 

8. A tunnel, ^ mile long, is excavated at the rate of \\ yard per day; 
in how many years will it be completed? 

9. An estate, worth £10,000, is left to A, B, and G ; | to A, | to B, 
and the remainder to C. Find C*s portion, and its value. 

10. State and prove the rules for pointing in Division of Decimals. 
Find the value of £'000546875 -^ -176. 

11. What is the interest on £154^ 16s. 8d. for 4 years 219 days at 3} 
per cent, per annum? 

12. What sum of money, put out to interest, will amount to £194, 16s. 
l^d. in 2| years at 4 per cent, per annum? 

13. If I invest £1200 in the 3 per cents, at 72, what is my income, and 
how much per cent, do I get for my money? 

14. Find the acreage of a triangular field whose sides are 45, 40, and 
13 chains respectively. 

15. Find the cost of covering with gravel, at 7id. per square yard, a 
path 3 feet wide, round the outside of a bed whose diameter is 9 feet. 

No. 2. Examination of First Year Students (Males). 1859. 

Section J. 

1. Add S of ^ to <^ of f S ; multiply the sum by the difference betweoi 
f and ^ ; and divide the product by 15 times the difference between 
T^ and aix« 

2. Reduce Iff of £233, 9s. 8d. to the decimal of £99, 3s. 4d. 

3. What is the side of a square field containing 48 acres 10 poles 22} 
square yards and 4 square feet ? 

Section II, 
z. If 17 cwt. 3 qrs. 26 lb. cost £41, 18s. IJd., what is that per owt. ? 
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s. The following bill was paid by a certain nomber of persons con« 
tributing £1, 16fl. 7d. each ; how many were there ?--23 articles at £9, 
2b. lid. per score ; 64 at lis. 8d. per score ; 37 at 12s. 6d. per dozen; 15 
at 4^d. each ; and 11 at Z^d. each. 

3. A person taking a Ist class and a &d class ticket from A to B, pays 
13s., what did he pay for each, if the Ist and 2nd class fares from A to O 
are 28. 7d. and Is. 9d. respectively, and the fares are proportional to the 
distance. 

Section III. 

1. The interest on a certain sum lent for 85 days at £4, 6s. 8d. per 
cent, per annum is £3, 13s. 8d., what was the principal? 

2. If the 3 per cents, are at 92|, at what price should the 4 per cents, 
be to pay the same interest on a given investment? And if I invest 
£1000 in each, what will be the aggregate amount (stock) which I shall 
possess ? 

3. A borrows a sum of money from B at 3^ per cent., B borrows the 
money from C at 3^ per cent, for 7 months, in order to lend it to A ; A 
repays B the sum with interest before the 7 months are expired; and 
when B repays C, he finds he has neither gained nor lost anything. For 
how long did A require the money? 

Section IV» 

I. Two casks, containing each 8 gallons of two fluids, A and B, are 
mixed in this manner : a gallon is taken out of each and put into the 
other. This is repeated 4 times ; how much of the fluid (A) is there now 
in the first cask? 

21. A square whose side = 500 feet, has a circular garden within it 400 
feet in diameter ; what will it cost to pave the part outside the garden 
at 2s. per square yard? 

3. From a cylinder, height 12 feet, diameter 3 fee^ a portion is out off 
by a plane x)assing through a tangent line of its upper circular end, and 
making an elliptic section whose longer axis is 5 feet ; find the portion 
of the solid content which is left, and its weight, if its specific gravity 
= 7 145. 

Section F, 

I. Show how to multiply 3*14159 by 7*84567, when the result it 
required to be accurate to 5 places of decimals only, with the least 
number of figures. 
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2. Give a clear explanation, from first principles, of the fact that a 
fraction is not altered by multiplying both its numerator and decomi- 
nator by the paice number. 

3. Explain, as for a pupil teacher, the rules for pointing in extracting 
square root and cube root, including the case of decimal fractions. 

No. 3. Examination of First and Second Year Students 

(Females). 1871. 

(N.B. — All examples omitted here are worked in other parts of this 
book.) 

Section /. 

I. From thirty-two thousand and eight pounds and sevenpence half- 
penny take six thousand nine hundred and forty-seven pounds and seven- 
pence three-farthings, and write your answer in words. 

4. If 1 metre (=: 39 '3708 English inches) be the ten millionth part of a 
quadrant of a meridian, how many miles are there in a meridian? 

Section II. 

1. Find, by Practice, the value of 289 articles at £3, 18s. 4d. each. 

2. Make out the following bill, and deduct one penny in the shilling 
as discount for cash : — 25 score of potatoes at 15 pence per score ; 11 
lb. of honey at lO^d. per lb. ; 17 lb. of bacon at Is. Id. per lb. ; 13 lb. of 
cheese at 94d. per lb. ; 15 lb. of sugar at 4|d. per lb. 

3. Find, by Practice, the value of 157 miles 3 fur. 24 poles of telegraph 
wire at £11 per mile ; and explain the working of the example as you 
would to a class. 

4. Make out the following bill, and deduct 10 per cent, discount for 
cash :— 4^ lb. of green tea at 3s. 6d. per lb. ; 5^ lb. of black tea at 2s. 3d. 
per lb. ; 7^ lb. of coffee at Is. 7id. per lb. ; 13} lb. of lump sugar at 6}d. 
per lb. ; 19| lb. of moist sugar at 5d. per lb. ; 2{ lb. of pepper at Is. 4d. 
per lb. 

Section III, 

I. An express train to London, which travels at the rate of 45 miles an 
hour, leaves New Milford, 285 miles from London, at 8 h. 35 no. A.M. ; 
when ought it to reach London? 

3. A clock marked true time on the 24th June at 11.30 A.M. ; on the 
4th of July, at 9 h. 15 m. P.ic. (true time), it had gained 9| minutes ; at 
what date (true time) would it be a quarter of an hour too fast? 
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Section IV, 

3. A groeer bought a chest of tea containing 90 lb. at 2a. per lb. ; 
another of 40 lb. at 2s. 6d. per lb. ; and a third of 20 lb. at 4s. per lb. ; 
mixed them together, and sold the mixture at 38. per lb. What was hit 
gain per cent, on the cost price ? 

Section V, 

X. What must be the nature of the denominator of a vulgar fraction 
in order that the vulgar fraction may be capable of being represented 
exactly by a decimal fraction? Give examples in illustration of your 
statement. 

2. Reduce 3f , 23f}, 5|^, 14yV) aud 8^ to decimals, and add the re- 
sults together. 

3. Reduce £116, 178. 6d. to the form of a decimal of £1, and multiply 
the result by 1*45. 

4. Find the sum of 7*168 x 36*95 and 23892*128 -r 3*25. 

Section VI. 

X. What will be the interest of 729 francs 75 centimes for 5 years and 
4 months at 3 centimes interest per annum for each franc lent ? Explain 
carefully your working as you would to & class. 

2. In 1870 the number of persons employed in factories was 410190 
males and 563077 females ; determine to four places the per-centage of 
males and females relative to the whole number employed. 

3. What sum of money, put out for 3 years at 3^ per cent., simple 
interest, will amount to £384988, 18s. l^d. ? 

4. A person sold £20700 in the 3 per cents, at 92}, and invested the pro- 
ceeds in Canada 5 per cents, at 103} ; what was his increase of income 

No. 4. Examination of First Year Students (Males). 1865. 

Section I. 

X. Express in figures two hundred and four millions thirty thouasuid ^ 

nine hundred and one (one amount), and in words 701000609. 

3. Purchased 49 lb.- at 8}d. a lb. ; 17 ounces at Is. IJd. per ox. ; 15 
yards at 4|d. per yard ; 30 articles at 28. 5}d. per doxen. How much 
change ought I to have left out of a £10 note? 

3. If a tradesman buys an article at 58. the lb., and retails it at 6d. 
an ounce, what gain will he make on an outlay of £6, and what is the 
gain per cent. ? 
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4. A wall is 6 yards 2 feet long, and 5 feet 3 inches high ; what will it 
cost to paper it with paper | of a yard wide, which costs 3 farthings a yard ? 

5. How many square inches are there in 3 acres 2 roods 13 poles ? 

6. Make a hill of these articles :— 13 loaves at 9Jd. a loaf ; 5 yards 3 
nails at Is. 2d. per yard. ; 17 gallons 3 pints at lid. a gallon ; 16 lb. 5 oz. 
at lOd. per lb. ; and 6 owt. 2 qrs. 21 lb. at 2s. 6d. per cwt. 

Section II. 
2. If the equatorial circnmf erence of the earth be taken as 25000 miles, 
and the earth revolve in 24 hours exactly, how long will a point on the 
equator be in describing 1260 miles? 

Section IIL 
X. Simplify l^U*Jd:| + [30A-22»l 

2. Suppose the number of first class passengers in a railway train to be 
66, paying 3d. a mile ; the number of second class 94, paying 2d. a mile ; 
and the number of third dass passengers 120, paying Id. a mile; the 
first class passengers travel on an average 20 miles each, the second class 
16 miles each, and the third class 10 miles each. What is the money 
received for this train ? 

3. Calculate the value of jTg^ + g^ + 3:4:5 + 4:5:5 "** — ^ ^^^ 

places of decimals. 

Section IV, 

z. Represent 10 tons 12 cwt. 2 qrs. 20 lb. in tons and decimals of a ion. 

2. The rents of a parish amount to £2340, 17s. 6d. ; a rate is levied of 
£137, 10s. 8d. ; how much in the pound is the rate, and what will be paid 
on an estate rented at £143, 9s. lOd. ? 

3. If 48 feet of Cremona are equal to 56 English feet, and the French 
metre be 39*371 English inches ; find the value of the foot of Cremona in 
metres, and the value i>f the metre in feet of Cremona. 

Section V, 

I. Find the value of 457 articles at £14, 17s. 9Jd. each, by Practice, 
and then turn the price into pounds and decimals of a pound, and do the 
same question by Multiplication. 

3. If when I sell doth at 10s. per yard I lose 6 per cent., how much 
shall I gain or lose per cent, by selling it at 12s. 6d. per yard? 

Section VI, 
z. A square court has to be paved with stone, at Is. 2d. per square 
foot. The total cost is £48. What are its dimensions ? 
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2. Find the value of 25 acres 1 rood 16 poles 10 square ytada at £125, 
lOs. 6d. per acre. 

3. If a man pays the same amount of Income-tax when it is raised 
from 6d. to 9d. per £1, how much per cent, has his income diminished? 
and if he i>ajs twice as much when it is reduced to 4d. per £1, how much 
per cent, has it increased? 

Section VII, 

1. Find the simple interest for 2 years 9 months on £1784, 16s. 8d. at 
3| per cent, per annum. 

2. Find the discount on a bill of £546, 10s. 8d. due 4 months hence at 
4 J per cent. 

3. I invest £1000 in the 3 per cents, at 88^ (interest paid half-yearly) ; 
six months after I sell out at 92, and invest principal and interest in a 
3 per cent, stock at 68*15, what will my income now be ? 

No. 5. Examination of Second Year Students {Males). 1865. 

I. How much money must a person invest in the 3 per cents., when 
the price is 90 J per cent., in order that his half-yearly income may be 
£50? 

3. The length of -^ of the earth^s circumference is about 69^ miles ; 
what is the earth's diameter, assuming that -f^ expresses nearly the ratio 
of a circle to its circumference ? 

4. If the length of the year be taken at 365| days, the true length 
being 365*242264 days, how long will it be before the error amounts to a 
whole day? 

5. Bought a quantity of goods for £47, 9s. 8d., payable 12 months 
hence ; sold them again for £57, 8s. 2d., payable } of a year hence ; what 
was the gain in ready money, allowing discount at 4} per cent. ? 

6. If 2 tons 3 cwt. 3 qrs. be sold for £112, 10s., what was the rate of 
purchase per cwt., the profit having been 45 per cent. ? 

7. A garrison was victualled for 30 days ; after 10 days it was reinforced 
by 3000 men ; it was then found that the provisions would only last 5 
days ; what was the original number of the garrison, and how many men 
must be sent back to enable the rest to hold out 10 days after b^ng 
reinforced ? 

8. If I have to pay a bill of £370 at 6 months date from this time, and 
I pay £150 of it at once, what extension of time ought to be allowed for 
the payment of the remainder ? 
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9. A lump of iron, containing 4 cubic feet, is rolled into a bar 16 yorda 
long ; what will be the diameter of the bar? 

10. A man saves 3d. one week, 6d. the next, 9d. the next, and so on, 
always increasing his savings by 3d. ; how long will it be before he has 
saved £50? 

12. A grocer had 150 lb. of tea, of which he sold 30 lb. at 4s. 6d. per 
lb., and found he was gaining only 7^ per cent. ; at what price must he 
sell the remaining 120 lb. in order to gain 10 per cent, on his whole outlay ? 

No. 6. Examination of Second Year Students {Males), 1866. 

1. Prove the rule for dividing a fraction by an integer ; and simplify 
the following expression :— ^H of A o^ 7f ^ 2i + 1\\ 

2. If a model of the earth were made with a diameter of 20 yards, 
express as the fraction of an inch the height of the highest mountain, 
taking the earth's diameter as 7900 miles, and the actual height of the 
highest mountain as 25000 feet. 

3. Find the cost of surrounding a bowling-green, 80 ft. by 46 ft. 2 in., 
with a paved walk a yard and a-half wide, at 2s. 8d. per square foot. 

4. Owing to leakage, the quantity of wine in a cask is less at the end 
of each year by y^ part of what it was at the beginning of the year. 
How much will be lost from a cask, which now contains 100 gallons, in 
the course of 5 years ? 

5. Find the difference between the simple and compound interest on 
£4296, 10s. for 3 years at 4 per cent, per annum. 

6. A and B enter into partnership ; A contributes £5500, and B £3500. 
The agreement is that £120 is to be put by as an insurance fund annually, 
and the remaining profits to be divided in proportion to the capital sub- 
scribed. At the end of the year A gets £435, 8s. 4d. Find the per- 
centage of the whole profit. 

7. Assuming that the distance of the horizon from any station in miles 
is approximately equal to the square root of one and a-half times the 
number of feet in the height of the station above the sea level, find in 
miles the distance of the horizon from a balloon 25000 feet high to three 
places of decimals. 

11. At a school inspection ^ of the numbert in average attendance were 
eligible for examination, but 25 per cent, were absent. Of those present 
and examined 8 per cent, failed in reading, and 14 per cent, in each of 
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the two other subjects. The grant on examination was £52, 16b. — at the 
rate of 2a. 8d. for each pass. Find the number examined and the average 
for the year. 

13. A farmer purchased a number of oxen for £112, and observed that 
if he had had one more for the same money, each of them would have 
cost him £2 less ; required the number he purchased, and the cost of 
each? 

No. 7. Examination of Second Year Sivdents (Males). 1871. 

3. A person buys £1000 stock in the 4 per cents, which are at 95, and 
invests £656 in the 3 per cents, at 96. 'Wliat income does he get? and if 
he sells out of both at £100, what is his gain? 

3. Simplify 3A of ttf 4- 71 + 2^ of ^ of A " x^ of IH- 

4. Find the value of *3§7 of £8, 16s. 3d. + 6} of H of 78. S^d. - 
(•42 -7- 70) of 12s. 6d. - A of Id. 

•1§ 

5. Beduce ^-^ of 7 tons 13 cwt. to the decimal of } of a cwt. 

6. If a franc piece weighs 5 grams, of which ^ are pure silver, find the 
value of a £ sterling in francs, the gram being 15*438355 grains, and the 
pound weight of standard silver worth 62s. 

7. A room is 24 ft. long, 13} wide, 9J high. The ceUing is white- 
washed at 7d. the doz. sq. yds., the walls are papered at jd. the sq. ft 
(deducting 16 per cent, for windows, doors, ko.), and the floor is carpeted 
at 3s. 7d. the sq. yd. Find the whole cost. 

8. Find the compound interest on £3460 for 5 years at 3} per cent. 

9. A dishonest publican uses measures which are false to the extent of 
5 per cent. ; but his brewer gave him in every barrel only 35 gallons. 
The publican buys at 21s. the barrel and sells at 2d. the pint ; what does 
he gain in a year when he bought 950 barrels ? 

10. At a school, divided into 4 classes, f of the children are in the Ist, 
^1 in the 2nd, ^ in the 3rd, and in the 4th 6 children more than half the 
number in the first three. Find the whole number. 

iz. A engages £15000, B 9000 in a business. The gross receipts for the 
first year are £5600, but of this 5 per cent, is paid for insurances, and | 
for other expenses ; of the rest, B receives a certain sum for managing, 
and the remainder is divided between them in proportion to the capital 
employed. If A receives £2500, find B's salary as manager. 
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la. B undertakes to run round a reptangnlar playground (sides 432 
and 576 ft.) whilst A runs from one comer to the opposite and back. A 
has yet 54 ft. to run when B has completed his circuit at the rate of 8 
miles per hour. Find A*s speed. 

13. Two partners, A and B, gained £140 by trade. A's money was 3 
months in trade, and his gain was £60 less than his stock ; and B's money, 
which was £50 more than A's, was in trade 5 months. What was A'a 
itock? 

IV. Examinations at the Birkbeck Literary and Scientific 

Institntion. 

No. 1. Class Examination, 1872. 

X. Make out the following bill : — 

168 lb. of rice, at IJd. 
224 lb. of sugar, at 4jjd. 
78 lb. of pepper, at S^d. 
92 lb. of coffee, at Is. 5^d. 
37 lb. of tea, at 2s. lO^d. 
47 lb. of cocoa nibs, at 11}. 

2. How many cubic feet to the acre does a rainfall of 1 inch represent? 

3. Find the weight of 373 castings, each weighing 4 tons 17 cwt. 3 qrs. 
161b. 

4. What is the value of 1 cwt. of standard gold at £3, 17s. lOjd. the 
Troy ounce? 

5. A vessel steams out of port at the rate of 12} miles the hour, at 
2 A.M., on May 1st. At 3*30 A.M. on May 3rd, another vessel, whose 
speed is 17^ miles, starts in chase. At what time will she sight the first, 
supposing she can see her 10 miles off? 

6. What sum must be put out at simple interest at 4} per cent, to 
amount to £1000 in 10 years ? 

7. What will be the amount of £173, at 10 per cent, compound interest, 
in five years ? 

8. A bar of iron, 10 ft. long and 4 in. by 3 in., is rolled down to } of 
an inch square. What will be its length ? 

9. Multiply 230258-5093 by '004342944819 so as to retain eight places 
of decimals. 

za Beduoe f | of lis. 6d. to a fraction of 6s. 8d. 
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zi. Simplify the fraction — 

1 



1 + 1 



3 + 1 



^ + 1 



7 + 1 



» + i 
11 



12. I require to make an alloy containing by weight eight parts bismuth, 
five lead, and three tin. The only bismuth I can get is 1} cwt. of an 
alloy containing eleven parts bismuth, three tin, and two lead. What 
weight of tin and lead must I add to this ? 

13. A pipe, whose section is 4} square inches, delivers water into a 
reservoir with a velocity of 11 feet per second. In what time will it 
cover half-an-acre 19 inches deep? 

14. A gallon measure contains fragments of a mixed metal, and these 
are found to weigh half -a-hundred weight. Two pints and a half of water 
are then poured in, and found to fill it exactly. What is the specific 
gravity of the metal? (Note that a gallon of water weighs 10 lb.) 

No. 2. Examination for the Ravemcroft Prize, 1872, 

1. Find the value of (•075)s + (m)' 

{-Oflbf - (-076) (-025) + (025)a* 

2. In a division, the actual divisor is ^^^ o^ ^^^ ^^^^^ divisor too 
small, and the actual dividend is niW^^ ^^ itself too large. Bectify the 
actual quotient, which is a million. 

3. Multiply 3 ft. 2 in. by 2 ft. 3 in., showing the meaning of each term 
in the product by means of a small diagram. 

4. The amount of £1 in 20 years @ 5 % is £2*6533. Find the amount 
of £1 per annum in the same time. 

5. A builder signs a contract, estimating } of the whole cost for 
materials, and } for labour. When } of the time has elapsed, 30 % of 
the material rises 10 % ; and on the expiration of half the time, 60 % of 
the labour obtains a rise from 8d. to 9d. an hoar. Supposing a profit of 
6 % to have been charged originally, what is the ultimate gain or loss % ? 

6. A has £3 more than ^ of the whole ; B has £4 more than \ of the 
whole ; and C has £5 less than \, Find the sum divided. 
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Exercise 1. 

1. 70; 100; 700; 900; 16; 19; 11; 13; 12; C2; 91; 43; 38; 164; 
222; 789; 366; 819. 

2. Thirty; two hundred; five hundred; four hundred; eight hun- 
dred; fourteen; seventeen; eighteen; sixteen; fifteen; thirty-nine; 
sixty-two; seventy-four; ninety-three; twenty -four; seven hundred 
and twenty-nine ; four hundred and eighty-five ; six hundred- and nine- 
teen; three hundred and twenty -four; seven hundred and thirteen; 
eight hundred and forty-two. 

3. 42,981; 734,613; 4,625,337; 839,142,317. 

4. Three thousand six hundred and forty-five ; seven thousand three 
hundred and eighty-one; nine thousand one hundred and sixty-five; 
eighty-two thousand seven hundred and forty-three; six hundred and 
ninety-four thousand one hundred and seventy-two ; thirty-one thousand 
four hundred and twenty -nine ; seven hundred and forty-eight thousand 
three hundred and sixty- two; eight thousand one hundred and forty- 
two ; seven million three hundred and eighty-one thousand four hundred 
and sixteen ; two million eight hundred and thirty-nine thousand seven 
hundred and forty-three ; twenty-eight million six hundred and fourteen 
thousand nine hundred and twelve ; eight hundred and forty-three million 
nine hundred and sixteen thousand four hundred and eighty-five ; seven 
hundred and twenty-one million nine hundred and sixteen thousand eight 
hundred and eleven ; * three billion one hundred and forty-one million 

* According to the old notation, the following numbers would be read 
as— Three thousand one hundred and forty-one million six hundred and 
twenty-seven thousand one hundred and eighty -five ; two hundred and 
thirty -nine thousand one hundred and eleven million two hundred and 
twenty-five thousand two hundred and eighteen ; forty-three billion, two 
hundi«d and sixty-five thousand one hundred and fort^-one million two 
hundred and seventy-five thousand nine hundred and eighty-eight. 

U 
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six hundred and twenty-seven thousand one hundred and eighty-five ; 
two hundred and thirty-nine billion one hundred and eleven million two 
hundred and twenty-five thousand two hundred and eighteen ; forty-three 
trillion two hundred and sixty-five billion one hundred and forty-one 
million two hundred and seventy-five thousand nine hundred and eighty- 
eighl 

5. 203; 601; 5400; 16019004; 400030012; 18340000; 200001001; 
2000000016 ; 30100040050. 

6. Four hundred and four; eight hundred and fifty ; six hundred and 
three ; seven thousand nine hundred and forty ; six thousand and eighty- 
nine ; seventeen thousand four hundred and eight ; two hundred and 
nine thousand one hundred and six ; eighteen million and three ; four 
hundr^ million five hundred thousand and sixty; eight hundred and 
ten million ten thousand and ninety-nine ; eighty-two billion four hun- 
dred and sixteen thousand eight hundred and twenty-nine ; three trillion 
one billion twenty million one hundred and sixteen thousand four hun- 
dred and fcen. 

7. 36; 694; 863; 4332; 74061; 74061; 238419; 238419. 



Exercise 2. 

z. Two hundred, 200 ; ninety, 90 ; ninety-nine, 99 ; seventy-five, 75 ; 
two hundred and forty-three, 243; five thousand and four, 5004; one 
thousand thousand, i,e. one million, 1000000; one hundred and forty- 
two thousand and fifty-one, 142051. 

2. XXX. ; XVIL ; MOXLIL ; VlXVni. ; XXIVXXTX. ; LXXXL 



Exercise 3. 



z. 16; 32; 62; 59. 

2. 13; 15; 15; 99; 16; 750. 

3. 96; 56; 30; 1024; 680. 

4. 6; 2; 16; 9; 37; 34. 

5. 72; 106; 479; 18; 980. 



6. 24; 136; 26; 11; 80. 

7. 26; 24; 132. 

8. 3; 84. 

9. 336; 3; 8a 
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I. 2250. 



a. 
3. 

s. 

6. 



24867. 

1881333. 

2163869. 

9208. 

137796. 



Exercise 4. 

7. 3072966. 

8. 876710403. 

9. 7338. 
265920. 
2628339. 



10. 803983141597. 

11. 30900. 
la. 1088801. 

13. 986269909. 

14. 780992988. 



Exercise 5. 



1. 44. 


7. 718231. 


13. 69796696. 


19. 983982. 


2. 17. 


8. 4811. 


14. 10535391. 


20. 9985268. 


3. 314. 


9. 56023. 


15. 72076326. 


21. 16474. 


4. 622. 


10. 601532. 


16. 893428. 


22. 305923966. 


5. 6131. 


II. 395474. 


17. 9299950993. 


23. 3891741003. 


6. 11223. 


12. 519972. 


18. 98699383. 


24. 743115. 


25. Nine million eighty-three \ 


thousand one hundrec 


I and ninety. 


26. Fourteen million. 






27. Fifty thousand six htmdre 


d and seven. 




28. One million two hundred 


L and nine thousand four hundred and 


thirt. 


5r-six. 




• 



Exercise 6. 



I. 21729. 
3. 46820. 

3. 576891. 

4. 398478. 

5. 3257488. 

6. 2273400. 

7. 21201003. 

8. 1008073297. 

9. 74883936. 
zo. 567362. 



31. 



11. 140976384. 

12. 1290389313. 

13. 7771410940. 

14. 6765944. . 

15. 2289081510. 

16. 495531999. 

18. 20198651824018. 

19. 2604307744898024. 
2a 23552430606. 
21. 19364&4932. 
367679600245689572 to be 



22. 561216301449132. 

33. 1967828032. 

24. 62596113037. 

as. 58152876407616. 

26. 200987249036. 

a7. 83762. 

28. 26058187744. 

a9. 80220588. 

30. 60723662328922706. 

subtracted. 



308 



ANSWERS. 



Exercise 7. 



z. 842. 
a. 3912. 

3. 453420ie. 

4. 3596009. 

5. 230674. 

6. 2756390+2. 



7. 232120. 

8. 18325606. 

9. 1287694. 
zo. 610021. 
II. 5201834. 
la. 3137689 +L 



13. 
14. 

IS. 
16. 

17. 
18. 



35. 2062351603^ times. 
26. 76586531679a 

37. 62909117. 

38. 314639 ; 6382104 ; 8004103 ; 

7103049 ; 6291483. 

39. 401495^ ; 10456723116|f ; 

280676U ; 1816629395003+1. 

30. 62917. 

31. 254.3223}f. 
33. 906108. 

33. 830852^iVWV. 

34. 3619728. 

35. 1400446^. 

36. 4168227iH. 

37. 42723532127^. 



10200312. 19. 4060708. 

409552416. so. 2860265. 

89103864+ a 21. 28817348+9. 

2050071. 33. 67864104. 

26820849. 33. 59986890+a 

957103090+a 34. 34735584+11. 

38. 83649a 

39. 6852H». 

40. 82070380. 

41. 1038900ff|^ 
4s. 21409. 

43. 38959Mm. 

44. 802710mmW«. 

45. 172579ittttJ. 

46. 297029flr- 

47. 190HHH. 

48. 906337 and 77834736 will re- 

main. 

49. 8109 times + 429064. 
5a 100408056426^^. 



Exercise 8. 



X. 62496. 

3. One thousand two hundred 
and seventy-fire. 

5. 6807. 

6. 6357503L 

7. 17129. 
a 12027. 
9. 1129. 

za 16a 

II. 41097703L 

13. 200. 



14. 2560000; 64000. 

15. 4609. 

16. 408003. 

17. 682940720000a 
ta 85692. 

19. 1729379a 

30. 27678264992361337009424. 

21. 72. 

e3. 1000. 

33. 631849a 

84. 701900. 
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Exercise 9. 

X. 29; 313; 1; 67; 413; 8016; 1; 2615; 94; 201. 

2. 68; 30; 324; 910; 3111; 104; 1456; 2184; 1116864; 675484a 

3. 240; 248472; 74844. 

4. (314725 X 9 -h 5) = 566506. 

5. (148995 -r 9 X 5) = 82775. 

6. 3 the greatest number of times^ and 7905 the least. 

7. 371280. 

8. 4. 

9. 1391. 

Exercise 10. 

I. 88142 f. ; 33720 f. ; 147273 sixpences; 386376 h. d. ; 6492 h. d. ; 
14445 fourpences ; 5753 threepences ; 56 fourpences ; 1563 threepences ; 
1517586 h. c. ; 1971 crowns. 

3. £299, 6s. 2d. ; £9, 17s. l^d. ; 23764 ; 3786 ; 13604448. 

3. 2392; 447. 

4. £8072, 188. 4d. ; £16, 138. 4d. ; £32004, 17s. 81d. 
S» 19B2gSg(j yrs. 

6. 31556928 seconds. 

7. 13360 poles ; 40534565 inches; 12681792 inches ; 157 m. 6 for. 24 p. 

6 yds. 2 ft. 4 in. ; 1080303 fur. 1 p. 1 yd. 6 in. ; 261882734 sq. in. ; 
4516300900 sq. in. ; 186 ac. 3 roods 10 yds. 6 ft. ; 428 yds. 18 ft. 128 in. 
(cubic). 

8. 21411 drs. 617661 oz. ; 23597760 drs. ; 269 tons 1 qr. 26 lb. 3 oz. ; 
43 lb. 3 oz. 10 dwts. 22 grs. ; 104928 grs. ; 27901 tons 15 cwt. 2 qrs. 6 lb. 

9. 180 pints; 160 pks.; 1129 pints; 9259 hhds. 14 galls. ; 59886 qrs. 

7 bush. 2 pks.; 2560230 galls. 1 qt.; 1148 h. pints; 1142} inches; 
66 yds. 2 in. 

ID. 288 days. 

zi. 18 spoons. 

12. 2. 

13. £150000000. 
Z4. 4739^ timefw 
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Exercise 11. 



1. £2, Os. 3d. 

2. £2, 17s. Id. 

3. £64, 178. lid. 

4. £91515, 168. 6d. 

5. £99, 128. Ijd. 

6. £26785, 19s. 8jd. 

7. £8238359, 98. 3.id. 

8. £204855, 78. 3d. 

9. 7812 tons 18 cwt. 

zo. 41784 tons 6 cwt. 4 lb. 
II. 52937 cwt. 15 lb. 11 oz. 
za. 1001 tons 2 cwt. 2 qrs. 16 lb. 13 
oz. Sdrs. 

13. 562 oz. 12 dwts. 6 grs. 

14. 2892 oz. 19 dwts. 21 grs. 



15. 12767 lb. 7 oz. 1 dwt. 12 gra. 

16. 158 lb. 1 oz. 4 dwts. 21 grs. 

17. 82270 yds. 1 a 9 in. 

18. 2^1 miles 2 fur. 33 poles 2} yds. 

1ft 7 in. 

19. 10634 lea. 3 fur. 85 yds. 4 in. 

20. 153 ells. 

21. 29793 sq. yds. 2 ft 120 in. 

32. 2892 ao. 11 p. 19 yds. 6 ft 111 in. 

23. 1245 c. yds. 26 ft. 199 in. 

24. 1835 hhds. 5 galls. 1 qt 

25. 1218 yrs. 4 m. 1 wk. 2 days 12 

hrs. 4& min. 26 sec 
. 26. 180 sq. yds. 
27. 156 tons 8 cwt 2 lb. 



Exercise 12. 



1. £53, 3s. Id. 

2. £738, 9b. 9d. 

3. £957, los. 5d. 

4. £2200, Os. lOd. 

5. £3981, 6s. 6id. 

6. £73561, 8s. Ifd. 

7. £400000, 78. 5id. 

8. £1167, 198. llfd. 

9. 8099 tons 5 cwt. 13 lb. 

ID. 5292 tons 14 cwt. 91 lb. 10 oz. 
zi. 18 qrs. 13 lb. 2 oz. 2 drs. 
Z2. 66 lb. 4 oz. 6 dwts. 3 grs. 

13. 172 qrs. 6 bush. 2 pks. 1 gal. 

14. 293 days 4 hrs. 53 min. 46 sec. 



15. 4008 lea. 2m. 7fur. 30p. 4} yds. 

2 ft 2 in. 

16. 286895H dwts. 

17. 4 ells 1 qr. 3f nls. 

18. 3 cub. yds. 1 ft. 1710 in. 

19. 1698 lb. 3 oz. 10 grs. 

20. 146 qrs. 3 bush. 2 pks. 

21. 106 days 6 hrs. 46 min. 28 see. 

22. 327 galls. 1 qt 1 pt 

23. 286861 sq. ft. 

24. 88 ac. 3 r. 16 p. 4| sq. yds. 
190 ac. 2 r. 33 p. 6^ sq. yds. 

25. £199, lis. 6d. 

26. 2506 tons 19 cwt. 13 lb. 6 os. 

27. 531 yds. 3 qrs. 2 nls. 
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Exercise 13. 



I. £49, 5s. 9d. 
£147, 178. 3d. 
£65, 14B.4d. 
£115, Ob. Id. 
£98,118. 6d. 
£131, 8s. 8d. 
£164, 5s. lOd. 
£197,38. 
£180, 14s. 5d. 

8. £605, 138. 21d. 
£1816, 19b. 6ia. 
£1009, 8s. 7id. 
£807, 10s. lid. 
£1413, 4s. l|d. 
£1211, 6s. 4id. 
£1615, 18. lOd. 
£2018, 178. 3id. 
£2220, 158. Old. 
£2422, 12a, 9d. 

3. £67565, 68. 3d. 
£57913, 2s. 6d. 
£130304, 10s. 7id. 
£135130, 12s. 6d. 
£101347, 19s. 4Jd. 
£56304, 88. 6id. 
£43434, 16s. lO^d. 

4. £223121, Ob. 2}d. 
£397737, 9s. l^d. 
£252223, 15s. OR 
£329831, Is. 2^d. 
£1037997, 148. Uf d. 

5. £456445971, 18s. 4^d. 
£304265035, 58. 6d. 
£955258574, 68. IJd. 
£16544532340, lis. lO^d. 



6. £160195, 19s. 10}d. 
£1979461, 10s. 
£2506036, 7s. Id. 
£2664963, 9s. 4jd. 
£635708, 9s. 3d. 
£3616622, 16s. lOjd. 

7. 115 tons 56 lb. 

244 tons 8 owt. 63 lb. 
603 tons 17 owt. 70 lb. 
8698 ions 15 owt. 35 lb. 
273 tons 3 cwt. 77 lb. 
2746 tons, 4 cwt 49 lb. 

8. 4582 tons 4 owt. 1 qr. 21 lb. 8 oz. 12 drs. 
10691 tons 17 cwt. 3 lb. 9 oz. 12 drs. 
6182 tons 7 cwt. 1 qr. 1 lb. 8 oz. 4 drs. 
46549 tons 11 cwt. 18 lb. 

9. 383 lb. 4 oz. 6 dwts. 12 grs. 
575 lb. 9 dwts. 18 grs. 
1086 lb. 2 oz. 5 dwts. 2 grs. 
5303 lb. 1 oz. 16 dwts. 14 grs. 
25749 lb. 9 dwts. 22 grs. 
45811 lb. 6 oz. 16 dwts. 18 grs. 

ID. 159 yds. 2 qrs. 

119 yds. 2 qrs. 2 nU. 

279 yds. 2 nls. 

757 yds. 2 qrs. 2 nls. 

2512 yds. 2 nls. 

1914 yds. 

518 yds. 1 qr. 2 nls. 

zi. 4655 ac. 1 r. 2 p. 28^ sq. yds. 
5801 ac. 1 r. 13 p. 24^ sq. yds. 
79284 ac. 3 r. 28 p. 22| sq. yds. 

12. 57 m. 3 f. 52 yds. 2 ft 3 in. 
106 m. 3 f. 99 yds. 1 ft 11 in. 
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452 m. 6 f. 196 yds. 5 in. 
1951 m. 6 f. 33 yds. 1 ft. 6 io. 
848 m. 2 f. U9 yds. 1 ft. 7 in. 

13. 302 galls. 

320 galls. 3 qts. 1 pt. 
358 galls. 2 qts. 1 pt. 
7568 galls. 3 qts. 1 pt. 
28312 galls. 2 qts. 

14. 7882 qrs. 2 bush. 2 pks. 



10900 qrs. 1 bnsh. 
30883 qrs. 5 bush. 2 pks. 
58134 qrs. 

15. 1372 wks. 5 days 3 hrs. 15 min. 

37 sec. 
2905 wks. 14 hrs. 42 min. 49 sec 
5363 wks. 16 hrs. 5mins. 12 sea 

16. 8895084768 os. 



Exercise 14. 



X. £48, 9s. 2d. 
a. £509, 8s. 9d. 

3. £47, 5s. 7d. 

4. £2382, 4s. 5d. 

5. £2252, 18s. 5d. 

6. £1018, 13s. 3|d. 

7. £1240, 15s. 5d. 

8. £117, 78. did. 

9. £307, 17s. 5}d. 
zo. £414, 16s. OJd. 
zi. £4562, 168. 8|d. 

12. £2752, 17s. 4.Jd. 

13. £51, 16s. IJd. 

14. £35, 19s. 8|d. 
Z5. £801, 19s. 6jd. 

16. £28. 14s. U^d. 

17. £2025, 3s. lOJd. + 6t 

18. £39, 17s. lOJd. 

19. £1936, 7s. 4H 
sa £127, 6s. 9|d. 

21. £43928, Is. 3id. 

22. £73, 19s. lljd. 

23. £63821, 12s. 5id. + 303a 
84. £81, 14s. lOjd. 

25. £42, 10s. did, + 6806. 

26. 17s. 9|d. 

27. £3, 7s. 3id. 

28. £200004, 4s. 6id. 



29. £56, Os. IJd. + 14. 
3a £300003, 15s. ll^d. 

31. 14s. 3Jd. 

32. 3s. 9}d. 

33. 17s. 3Jd. 

34. 7s. lljd. 

35. 45 tons 3 cwt. 1 qr. 

36. 23 owt. 2 qr. 27 lb. 

37. 25 lb. 6 oz. 12 drs. 

38. 86 lb. 7 oz. 16 dwts. 11 grg. 

39. 67 yds. 1 qr. 2 nls. 

40. 380 ac. 3 r. 32 po. 

41. 57 galls. 3 qts. 

42. 4 qrs. 6 bush. 2 pks. 

43. 37 galls. 2 qts. 1 pt. 

44. 175 fur. 17 po. 3 yds. 1 ft. 

45. 78 ells 3 qrs. 2 nls. 1 in. 

46. 1727 yds. 1 qr. 2 nls. 

47. 349 hhds. 15 galls. 1 qt. 

48. 345 ac. 1 r. 17 sq. po. 30 sq. 

yds. 

49. 23 hrs. 45 min. 59 seo. 

50. 875 times. 

51. 47 times. 

52. 32 cwt. 

53. 936 times. 

54. 47, and 8 drs. wUl remain. 

55. 367 times. 
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Exercise 15. 



z. 1377 iq. ft. 


9. 213childrenand946sq.ln.; 198 


8. 6975 sq. ft. 


children and 75240 cub. in. 


3. 7569 sq. ft. 


10. 21 yds. 8 in. 


4. 7421 sq. yds. 6 iq. ft. 


ZI. 3 ft. 2^ in. nearly. 


S. 1008 yds. 


12. 33 ft. 4 in. 


6. 1094856 oub. in. 


13. 1 sq. yd. 3 sq. ft. 87 sq. in. 


7. 18300 cub. ft. 


14. 15 ft. 2 in. 


8. 5169 cub. yds. 25 cub. ft. 1043 


IS. 246050. 


oub. in. 


16. 197 sq. yds. 6 sq. ft. 54 sq. in. ; 




284 yds. 2 ft. li in. 


Exerci 


ise 16. 


X. £30, 18s. 9|d. + f . 


26. 36. 


a. 159 sq. ft. 87 sq. in. 


27. 7s. lOd. 


3. 183H. 


28. 51 tons, 19 cwt. 2 qrs. 11 lb. 


4. 7 cwt. 1 qr. 23 lb. 5 oz. 


29. £4, 10s. 5d. 


S. £5661, 18s. 


30. £3, 14s. 


6. 4s. 5id. 


31. 4s. 2d. 


7. £2560. 


32. 2s. 3d. 


8. 45 panes ; 4s. 8|d. 


33. When it is a multiple of 792 ; 


9. £20704, 5s. 6jd. 


when it is a multiple of 132. 


10. 2b. 3d. 


34. 24. 


zi. £15, 6s. 3d. 


35. 49 sq. ft. 62 sq. in. 


12. £1191, 10s. lid. 


36. 605 sq. ft. 72 sq. in. 


13. 637A. 


37. 485 m. 37 po. 4 yds. 


14. £171, 9s. 10}d. ; £9, Os. 6id. 


3 cwt. 17 lb. 13H oz. 


15. £33, 2s. 6d. 


38. 10 wks. 6 days. 6 hrs. 59 mfn. 


z6. £10601, Os. 4id. 


49 sec. 


17, 238 ac. 20 p. 


39. £1236, 9s. 4id, 


z8. £1, 8s. 6d. 


40. 28160. 


19. 270 tons 16 cwt. 2 qrs. 


41. 40. 


20. £838. 


42. gin. 


ai. 425 qrs. 


43. 470. 


22. £5986, Os. 8d. 


44- £1> 4s. 


23. £214. 


45. £2, 7s. 7Ad. 


24. 127f. 


46. £4185, lis. 7f id. 


25. 87672 hrs. 


47. 402 oz. 
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48. 3171^ lb. 
49/4208. 

50. 5017. 

51. 69^ iq. ft. ; 146328 oub. in. 

52. £1, 28. 6d. 

53. 128 and 2304. 

54. Is. lOJd. 

55. 3064. 



56. £177, 38. 10(1. 

57. UVk. 

58. £29, 08. OJd. 

59. £2, 5s. 8|d. + 

60. 684263. 

61. 1345193850. 

62. 216; £233, 17s. 9d. 

63. £45727, 15s. 2id. 



4. 

s. 

6. 



8. 



10. 



II. 



12. 



Exercise 17. 



107 
TOT* 

5.7.98. 



81 . 



76 . 



88 . 



. 2 0447 
144 



835 



l 02A84 



3197|4i. 



1808100. 88106 3. 166820278 



6000 ' 00725 ' 04823 

12, 9, 4 . 32, 18, 15 . 360,96, 189,280 , 780, 765, 891, 850, 325 . 
36 ' 48 ' 504 ' 900 ' 
6930, 7546, 24745, 24206, 16016, 16874, 22295 . 

35035 

1995, 600, 2278, 2023, 1810, 3383 

3570 



4 . 



4 . 



1711 . 



14 . 

134 



7 . 

WS y 

66 



40 . 



m; 



^IF y 



1 . Q208 



7¥T> 



951 92 • 



14060 



280 



1 1 • 



1 6 . 

^TS y 



5.« 



949 



8872060 
16222767* 



4121 



2TT> 



168^ 



TT^ 






79x«« 



Tiy 



31 



800647 . 
10&ddd7> 



4 . 16 . 

266 
83075* 



8 . 



48 . 



010 . 

71000 y 



618 . 
21283 y 



18 . 

21dd3> 



161 
208710 9 



2 . 



6 . 



7 . 



82404 . 
65127 y 



18 . 



61 



7048 . 
11781 > 



8 . 



17 . 

Tffy 



20s 
TIT* 



Exercise 18. 



1.2; 2§; 

o 1 7® . 

2. A^TF y 



Q . 

1 64 . 
^TTTB^ y 



3. 



O 1061 . 
-^2100 ^ 



1 412 . 



Q 2225 . -12642287149 

^seosfl y ^ws^^VTSTUi^ 



3» *^ir3 > ^"F y 



W 



V y 



oi 16 . 



OO 401100 . 

*^°F¥FFF31F y 



Q992027 



6. 
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9 7 . 1f;450 . 4.71760 . 17425 . Q1Q3467 

Air , 1016 . 104.05077 . A77li5 . 14.2 . 4.71 . 1 145 . 

1877 . K 26 . 1 QO 9 2 80 . 1891 . Q 117 61 
1378 } ^WrZ 3 ^^^SJfiyUT } ^lOlTT > «'S17fc«0' 

5294041 . 857098 
104146(id 9 1004005* 



Exercise 19. 

T ^/» ^ * • 2 . 4 . 1 . 1 . 1 

/I \ 1 . 5 . 3.2. 91 , 179 . 56 . 6 . 2647 . 1888 . 

1 

//. \ 1 * • g . 31 . 116 9. 11 . 98 . 895 . 442 9 . 
v*^/ "57 > TTTS 9 TS^ i TT5T i TTT > 7F1J ^ Tff¥T > 28229 > 

87466 . 90482041 . 697587 . 276048 
4Sd433 > 11315026? ^ 3 S^OOOIT 3 740338* 

/^\ 18 . 2 . 128 . 689 . 1217 . 2973 . 69156 9 . 4 . 
l»»/ TSr > TT ^ ?TT > TSTff ^ 2310 ^ 7220 > 1044600 ^ 7T > 

120143 . 1199455760 
71572274 ^ 2660d766i$4d* 

U\ ^ » 73 .13. 6207 . 29. 5838 . 131 .19. 3 . 
\^i Ty > TiJS i FT > 3110 6 9 TJfS i 14 9 61! ^ TTTSTT > FB" ^ FffTT > 

1 . 16381 . 960739 
TT i 18147 > T8036006* 

//\ 1 . 20 . 133. 77 . 145 5 . 13169 . 1275 . 

l/»i^T^ ~TTT> "TZTSi "TTSi 184221 i " IS^F^^T > "6 2 > 

1 . 2 • . 183 . 117 3. 19929 

" Tinr > ~ FSTV > 1 i) dT ^ " Tinr^F ^ l S S O S 3*' 

^^ 91 • Ifi 22 . 1 1 .1087 . 1K2. 016.101. K3. 54. 

11. 4. 7. 9.119.153. O 977 . 1 3 867 . 

1 010798 
*«^S2 4 3 9" 

IK\ ^X ' *•— l.X«112. 7._ 17 . Ql 2 2 . 0013 . 

., 10 528 1 . _ 00 7 . Ifil 1 . 1 1 

o r/»\ 917 . 41 . 1 187 . 863.0 2123 

3. ^a.> ^^p^ , p^ , ■»-1008 > ■" FFF 9 *^130F0' 



lh\ 1 3845 . Q51597 . 243999 . 6669 



^TFFFT > "101920 } TFF2 7 2 ^ ^ 11030* 



71 
3' IFFF* 
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Exercise 20. 

rra\i5.»ii.«15. 8. 8.12. 8 
(h \ 1800 . 9ft 124 
/^ \ 2 4 . 118. 84 . 1 4.4. . 1 I fl 11 

3.1; 1. 

4. 6 ; «^ « 



1188 . AftOA 12T . 1 Q gT» 



6. 2. 



Exercise 21. 



T 1 1 • . . 



7. 1.1 



92 . 
2 



26.2.16. 8 . 947 . QQ . 92 

9 006822 . 1 • 



o ft • g7S . 4.Q 5 2 4 . 2 . y . Q 752 
1 • ftl • K 1 • 04 .96. 604 



Exercise 22. 



I. li 

3. 24A. 

4. 151. 

s.i|f. 

6. 2m. 

7. 2Hy«. 

8. Agets£3750; Bget8£4000; 
gets £2250. 

9. A* 

10. 27f pks. 

11. 1. 

12. H- 

13. £39, 12s. S^cU 

14. iH. 



'5* tStIoi* 

16. 103 owt. 2 qn. ; £11, Is. IJa. 

17. ^' 

18. 8932 : 9676 : 12673. 

19. A Proper Fraction is less tliaa 

Unity. No. 

20. ^. 

21. ^tr?s* 

22. £10, Os. 8d. 

23. «; lOH. 

24. «{;W; 16157; 16200. 

25. 7fH; 14t!W; ii«ft^. 

26. ^vw. 

27' T1?ftTr* 

28. 2800 : 2793 : 3040. 



ANSWERS. 



317 



29. £1500. 

3a If greatest, g least. 

31. £577, lOs. 

32. The former, by £3, 8s. lid, 

33» ssBvov* 
34. i|. 

35. im. 
37. mm. 

38. 3 cwt. 1 qr. 6 lb. ; £566, 2s. 

Ud. 
39» iivv* 



40. £329 ; £51562, lOs. ; 31296 tons, 
6 owt. 2 qrs. ; £304722. 

41. mim. 

42. 7 inches. 

43. £100. 

44. 300 gallons. 

45. £562, 3s. 2d. 

46. 1; J. 

47. £16000, 

48. £15000. 

49. -22| (about). 



Exercise 23. 



X. -18; 0383; '416; -6343. 

s. 1-086744. 

3. (a.) -4; -17; 13; -2001; 1*801; -007; '000028; '001041; -00000006. 
(6.) 04; -054; -042; "003078; -0002415. 
(c) 181-05; 170-2304. 

(6.) 28x^; 4303*^; 71itt; 30824J; 1^; ISOimf 
(c) M«; 16i«M; 73^; ^A; lO^^^r; 70iViftJW. 
(d.) 21,«y\Sr; 620,?\/Wjf; 71«§ ; V^; 2^. 
(e.) 624i\ ; 638^; 72816^; 2139fjg; 60. 
(/.) 8391082; 18100; 6381|; 32^^; 18136491. 

5. 1 -1109317 ; 3:3156 -20525 ; 185*986988 ; 6522131 ; 76278*446 ; 

26552086*965; 73337639-0727303. 

6. (a.) 13*542. 

(6.) 43019-295107. 

(c.) 81076-936412. 

id.) 230143*0353741. 

(«.) 113-8551. 

(/.) 2106*0948; 4074*0529; 189*585. 

ig.) 1572-0001; 25*992907; 24*98294. 

(A.) 99*276676. 

(i.) 5565*6049095. 
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Exercise 24. 

1. 1150-63503 ; 417962-601 ; 257 049 ; 40804. 

2. -00043 ; -036 ; -03376 ; 621387 ; '0279. 

3. 091791; -51282; 0314; 2304*0192; -273. 

4. 1; 4; 4; 105; 80. 

5. -064; -01024; 2-66; "014; '04096. 

6. 6067-25175; 1-0544661; 2-9322522. 

7. -006088056676; 95-9676096. 

8. -1792784; -066694; 31652101; -0076473. 

9. 1969-8; -274228; 646477 78925; 9926-38522L 
TO. -0122045998536; -85120171788834. 

11. 60-806792; 100325-8672772940466024. 

12. -4822533830268; -000001638213228. 

Exercise 25. 

I. 9-618; 23-81; 108*017; 21-00309; -00810611. 
s. -35; 6-3; 8-15; -20008. 

3. 68000; 12362241-63, &c. ; -0000003. 

4. -000218 ; 8-2436 ; -1382304, &c. 

5. 34069-44; 131984; 1136*208; 129600. 

6. 35-44; 11024; 491416; 16*2. 

7. -9173. 

8. 229-02232f. 

9. 18998*3995071. 

Exercise 26. 

I- tAtt; rih* Ui'y ^inj^; rMinr; WtW? rfAnf 

2. -4; -18; 5; '15; -010346; -0000601; -00005404; -OOlOa 

3. 2^; 40T|ir; 2000^1^; 50^V; ^^^^Hih; 10080^^^,^^. 

4. 4-2; 12-75; 17-05; 10600025; 20 0031496, &o. ; 10007 -00002493, &c, 

s. 7H; 106^; lof; 8; ||; 30if ; 20MH; ^f^; Ml*; 20jf ; 8^; 

2000f»3fift^; 7030|f ; 1061 tIM. 
6. 428671; -§6; -56; -OOS; -17; 8-^0769^; 2-00l4285f ; 10-000l4285? 
1-00210526316789473684; -428671 ; -197630864; 1-4706882362941176 
•1§82352941176470§ ; -7§; -0025358851674641148§ ; 20-142857; '4 
•076; -2125; *099167, &c. ; 1*587890626; 1*00S96825; . 3*7361 
14-f 79226 ; -1530612244897969183673469387756102040816326. 
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Exercise 27. 

X. 416722§6387l 
8. 42-8958lS2170i 

3. 29-9^^ 

4. 19-085667?. 

5. 83-98S& 

6. -0965. 

7. 93-282i3191499330l. 

8. 19511359776i 

9. 135*426 ; 17874 -fS ; 97-6§5 ; 14864*085 ; 2807*9924l0§ ; 634 166937, &c. 

10. 5-670§; 211224489, &c. ; 10-6840579, &c. ; 91981132, &c. ; -^G&SOfk 

11. 2-7714285; 5J|. 

12. 3J ; 3^ ; m 

13. 3*5606885835, ke. ; -3628054869, &o. ; 2*3703896611, kc ; 

96-9913630929, &c. ; -0115059912, ke. [0158931$ ; 

14. 7490*771137952^61347743165924984106802288620470438652256834075 

-4i2380d; -02^0942?; -657851239669421487603^; '17460^ 



Exercise 28. 

1. -625; -525; '5125; '885; -775; '875; ISS; -98125; -9197916; 

14-48S; 21-0125; 17*986458*. 

2. -1375; 7125; •61876; 13303125; 1-65; 17-9015626; '8669642, &c. 

3. -525; -56627; •0S7142S; l*l6; *008332 nearly; -94956, &c. ; 

-3220088, ke. ; 137*8461, ke. ; -06637, ke. ; '162768, ke. 

4. -6245, ke. 

5. 4*693, &o. 

6. 168. ; £2, 8g. ; £17, 7b. 6d. ; 12i. 6d. ; £10, Is. 3d. ; £2, 168. 8d ; 

£101, 78. 6d. ; £166, 128. ; £1704 ; £270732, 98. 7id. ; £4733, 
8s. 9d. ; £373, Oi. 3d. ; £1386, 28. 6d. ; £24, 168. 9*6d. ; 3 owt. 
1 qr. 8*659824 lb. ; £426, 68. 6*965d. ; £194, 108. 9*6d. 

7. £4, 19s. 4Jd. ; 32 days 12 hrs. ; 2261 ac 3 r. 14 po. ; £1, Us. 6d. ; 

£1,178. 



8. -04163, ke. 

9. -6, 

10. •053£7142& 
zi. 5*61, ke, 
xa. 2*27876. 



13. Ob. lOTOld. 

14. £45, 98. 6jd. 

15. 1 m. 6 i 21 po. 2-8l yda. 

16. -2626. 
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Exercise 29. 



1. 21399*9 met. 

2. 392034-481 met. 

3. 65479 centim. 

4. 4710-69 ar. 

5. 2210800 centig. 

6. 1898666*39 gr. 

7. 76'414gr. 



8. 1113576*31 Bt 

9. 244264 Bt. 
za 3 times. 

11. 1209 Ut. 

12. 63*094361 Ut. 

13. 8008 bottles. 



Exercise 30. 



±19 



X. 179-34. 

39-455 yd. 

17934S f. 

0224185^6 m. 
3. 343*993 persons. 
(£3, 17s. lO^d. 
4- 1*9734375 ton. 

5. 200. 

6. 900000. 

7. -049. 

8. -046875. 

9. £9570, Is. 6i*3d. 

0. 24855*Sdm. 

1. 55-8285628866. 

2. £170. 

3. 7616-2816. 

4. 10353*57100682. 

5. 1600. 

6. -0605109. 

7. -2742498. 

8. -03493. 

9. '000643291. 

20. 39-706174i 

21. 2 cwt. 2 qrs. 16 lb. 

22. 19-6714449. 

23. 1*479816. 
6*3099. 



24. 3103*1442. 
10826*98691 
-0307. 
14375. 
74*84. 
22600. 
6*24312. 
1000. 

6. 

£39,58. 

£192, 68. 6d. 

-06240312. 

100000. 

6000. 

25. 7875. 
51-93i4286?. 
623*5. 
2*6667. 
666. 

83*3000063?. 
117389-8826L 

26. £1*8672 or £1, 17s. 4*128d. 

27. 43-039783 ft. 
61575164 yds. 
89-03894378 m. 

28. 475135024. 

29. 1-240346. 



X. 



• 
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3 


90. '890625. 






39. 


£7, lOs. 6id.*336. 


2*01958. 






40. 


£115, 9s. l-67184d. 


31. -84375. 






41. 


65*510217. 


^^' 






42. 


277*2738. 


3a. -61837. 






43. 


50420168. 


33. 400000896. 






44. 


1-40498. 


34. £-002266428671or 


Jd. 16617+ 




45. 


£44. 


35. 2-401. 






46. 


£186, 48. 


36. 16s. 2|d. 222f. 






47. 


574-425. 


3 lb. 5 oz. 10 dwta 


. 3*86 grs. 




48. 


•0338236. 


37. £18, 6 fl. 2 0. 7-08§ mils. 






71-0038. 


£12, 3 fl. 6 0. 97916 mils. 






•49867. 


£32, 8 fl. 2 c. 1-875 mils. 




49. 


-10137476916. 


£6, 7 fl. 1 0. 0*416 mils. 




50. 


1141876*828216. 


f>R .Siifi 






51. 


95-24090681Q 


3°' lIlBSB* 




v%f ArSVvWOXv. 




Exercise 


31. 


(1.) £14. 


(11.) £6265. 






(21.) £33. 


(2.) £9. 


(12.) £4610. 






(22.) £41205. 


(3.) £20, 48. 


(13.) £2496. 






(23.) £6946. 


(4.) £23. 


(14.) £9570. 






(24.) £2604. 


(6.) £13, 10s. 


(15.) £9801. 






(26.) £866730. 


(6.) £74. 


(16.) £129267, lOs. 


(26.) £76361. 


(7.) £110. 


(17.) £7350, 


lOs. 




(27.) £1634661. 


(8.) £425. 


(18.) £14664 






(28.) £460146. 


(9.) £8211. 


(19.) £134442. 




(29.) £32216261. 


(10.) £2410. 


(20.) £4863, 


lOs. 




(30.) £611677320, 


a. (1.) £116, 10s. 








(14.) £186, 138. 4d. 


(2.) £1808. 








(15.) £409, lOs. 


(3.) £3726. 








(16.) £24, 18s. 8d. 


(4.) £3239. 








(17.) £522, 68. 4d. 


(5.) £1761, 68. 








(18.) £610, 178. 6d. 


(6.) £13668, 8b. 


4d. 






(19.) £43, 78. 11 Jd. 


(7.) £666, 38. 9< 


a. 






(20.) £620, 78. 6;^d. 


(8.) £2480, 4s. 4 


5d. 






(21.) £161, 188. l|d. 


(9.) £1625, 8s. ' 


Id. 






(22.) £639, 17s. 8id. 


(10.) £4412, 128. 


8d. 






(23.) £321, lis. lOJd. 


(11.) £9861, 48. 








(24.) £43, 38. 6|d. 


(12.) £8464, lOs. 








(26.) £2206, 48. 4jd 


(13.) £140. 








(26.) 


£25629, Os. 8d. 
X 
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(270 £891M, ISm. GR 
(28.) £61478, 16*. Hid. 
(29.) £2M&, 13i. 0}d. 
(30.) £16485, 4i. 6d. 
(31.) £127246, Oi. lOJiL 
(32.) £361G2, lU. 
(33.) £110150, U Sd. 
(34.) £10322, 19a. Ojd. 
(36.) £148295, ]»■. 3R 
(36.) £560824, 13a. 9d. 
(37.) £20528, 15i. 
■ (38.) £36671, Ot. IJA 
(39.) £37784, 1*.. H± 
(40.) £49747, 16a. 2jd. 
(4L) £9, 11a. 7|d. 
(42.) £169, e*. lOfd. 
(43.) £2892. 15a. 
(44.) £20532, 4a. 
(46.) £941, 6a. lOi 
(48.) £468, 7a. S^Jd. 
(47.) £6866, 3s. 4d. 
(48.) £12491, 4a. 8d. 
(49.) £46428, 4s. 9fd. 
(50.) £61, 3s. 3Ad. 
i. (1.) £186, 6a. 

(2.) £216, 16i. 7d. 

(3.) £17, 14s. 2d. 

(4.) £136, la. 8d. 

(5.) 10a. Ofd. 

(6.) 141, 21d. . 
.(7.] £161, Os. 71d. 

(8.) £36, 16(. Old. 

(9.) £1401, 8i. 2d. 
(10.) £53, Ta. 5Hd. 
(11.) £12, 14* 2d. 
(12.) £431, 4s. 
(13.) £1076. 16a. 
(14.) £20, 15a. 9-6d. 
(16.) £7612, 9a. 7^4 
(16.) £799. 



(17.) £176946, Sa. Ofd. 

(18.) £34, 7a. Hid. 
(19.) £69, 9s. 5J|d. 
(20.) £13, 10a. 7id. 

4. (L) £64, 13a. 9d. 
(2.) £106, 13h 
(a) £40, 17s. IR 
(4.) £7. 18a. lOid. 
(6.) £11, 6s. ejd. 
(6.) £23, 5s. 7id. 
(7.)£21, la. lOJd. 
(8.)£164, &. SJd. 
(9.)£136,Ta.6Ad. 

(10.) £70, 8s. t^d. 
(II.) £44, 9s. 4Ad. 
(12.) £19, 19a. i^i. 
(13.) EltiCS, 9s. 6'175d. 
(14.) £111976, 2l 6d. 
(16.) £33439, 17a. 3-9d. 
(16.) £618, 7s. 6d. 
(17.) £14013, 11.. lOld. 
(18.) £696, 10a. 7jd. 
(19.) £2289, 6s. lOJd. 
(20.) £34, 17a. lOfJd. 
(21.) £16216, 13s. 4d. 
02.) £36174. 12m. 7-357M. 
(23.)£Go9, 14s.2754d. 
(21) £2, 9>. O^V^ 
(26.) £6, 5a. lOA^d- 
(2&) £111.121. lOtld. 
(27.) £8; 17». 9iSd. 
(28.) £9. 3b. lOUd. 
(29.)£2l9,fe. 3|id. 
(30.) £19312, ISa.U)}d. 

5. 118m. 20t>al«a. 
& 69 tons 60 lb. 

7. 6827680 cub. ft. 

8. £8,18i.4Hd. 
9.33HB«. 



AKSWEBS. 
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Exercise 32. 



I. £20, 16s. 8|d.+ 


zi. £1654 13s. 5d. 


fl. £47, 7i. 9id. 


Z3. £1, 16b. 9d. 


3. £80, lis. 3d. 


Z3. £4114, lis. 5d. 


4. £11ft.% 19b. ; £444, 16b. 8d. ; 


14. 186 m. 4 f. 76i yds. 


£719, lis. Sd. ; £1327, 4b.; 


Z5. £3142, 6s. lOJd. 


£311, 3s. 4d. ; £691, 58. 


z6. £213, 19s. 


5. 168. 


17. £1, 188. 


6. £123, 10s. 


z8. £163, 13s. Bid. 


7. 20H yds. ; £5, 12b. Bid. 


19. £75843, Is. 6d. 


8. £659, Os. Oid. 


30. £10236, 48. lOd. 


g. £2, 17b. 6gd. 


21. £33, 3s. lljd. 


zo. £1119, 18s. 9d. 


32. £40, 18s. 8id. 



Exercise 33. 



2. 49;315;300;30;26; 

165; 238; I; 243; 
400; 84; 1000. 

3. 88. lid. 

4. 17 16. 

5. 13. 

6. £1, Os. 7Ad. 

7. 45. 

8. 34H. 

9. 10. 
zo. 171b. 
zz. £43, Os. lOHd. 
za. 63ifjf yds. 
Z3. £382, 188. 4d. 
Z4. 1050. 
zs. 1201b. 
z6. 5 hrs. 32^ mins. 
Z7. £9, 15s. llid. 
z8. £670, 5s. 
Z9. 16. 
ao. £9, 158. 



21. 302 miles. 

22. 15s. 6d. 

23. 2yds.2qTS.3^nls. 

24. £552, 10b. 8d. 

26. £2, 78. 2Jf d. 

27. 9^^d. per week. 

28. £3105, 38. 

29. £1810, Ob. 3id. 
3a £33, 5s. lOd. 

31. 2id. 

32. 947igallB. 

33. 401b. 

34. £6, lis. 7hd, 
35- £;,19s.3id.-76. 

36. £58, 28. 6d. 

37. 15411^ yds. 

38. 2s.3id.;£6,lls.3d. 

39. 216000 yibrations. 

40. £7, 6s. 8d. 

41. 750 men. 

42. 14 lb. 



43. 9331 lb. 

44. £17, 6s. lOJd. 

45. 28 cwt. 3 qn. 8 lb. 

46. £67, lOs. 

47. } seooHd. 

48. 88. 

49. £203, 9b. 4id. 
5a £34, 6s. 

51. 815-36 lb. 
Sa. 2id. 

53. 3328001b. 

54. £2, 3s. 6Jd. 

55. 4 cwt. Iqr. 5 lb. 80% 

56. 662^yy\fi,V gaU*. 

57. £2, 38. 9d. 

58. 731b. 

59. £186, 4b. 

60. 567 ydB. 

61. 123iii80Ti. 
63. £300. 
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ANSWERS. 



1. 8 days. 

2. 5 hn. 

3. £2, 148. IfcL 

4. lOcwt. 

5. 480. 

6. £640. 

7. £1, 188. 

8. 300minute8. 



I. £13, 08. 7Jd. 

3. 16. 

4. £70. 

5. 216. 

6. The firat ; 16 yds. 

7. £97, 198. 5-6d. 



Exercise 34. 

9. £413, 68. 8d. 
10. £732, IOb. 
zz. 3 ft. 2f|| in. 
Z3. £50, 8b. 4HiScl. 
Z3. 160. 

14. £20, 2s. 6d. 

15. £18, 48. Sid. 

16. 44 OS. 

Exercise 35. 

8. 9k yds. 

9. 138 days 10 hn. 40 

min. 

zo. 96 days, 
zz. 5yT8. 
Z3. 572 l^n. 
Z3. £3255. 

Exercise 36. 



Z7. 138. l^d. 

z8. 280000. 

Z9. 34^ lb. 

20. 37| days. 

31. 13^ acres. 

22. 54ton8 3owt.721h. 

33. 11 hn. 

34. 16i ft. 



Z4. £50,108. 

zs. 52. 

z6. 31 mills. 

Z7. 4. 

z8. 1411141-2 nearly. 

Z9. 16000. 



30. 6| galls. 



z. £18; £32; £24; £6; £86. 

2. £30; £258; £3664; £260, 48.'; 

£414, 14s. 4-8d. 

3. £28 ; £199, 10s. ; £371, 17s. 

6d. ; £775, 158. ; £3636, 
14s. 4id. ; £97, 6s. ; £865, 
lOs. 9d. ; £173, 13s. 0-8d. 

5. £81, Ob. Ojd. 

6. 116-75 fr. 

7. £24, 18s. 6-76d. 

8. £85, 12s. 6d. nearly. 

9. £88, 16s. lid. + 
lo. £29, 178. 8d. 
zz. £4, Os. 5id. 
12. £833, 148. 8d. nearly. 
Z3. £31, Os. 11136d. 
Z4. £502, 4s. lOf Sd- 
zs. £5, 158. 3d. + 
i6. £6243, Is. lO^d. 

nearly. 



Z7. £40655, 6s. 4*2d. 

£115828, Os. 4-8d. 

£58244, 5s. 3-12d. 
z8. £82, lOs. 
Z9. £651, Is. 6^sd. 

20. £8U, 38. ■ll-68d. 

21. 8 p. c. 

22. 5 p. C. 

23. £649, Is. 8}^L 

24. £787, 10s. 

25. £378, 198. l^Ud. 

26. 2^ p. c. 

27. £175. 



4. £780; £1932; £643, 68. 8d. ; 
£2281, 5s. 6|d. ; £2143, 38. 
3'28d.; £1253, 178.3-9075d.; 
£998, 88. 10-3875d. ; £4501, 
Us. 4-44d.; £3917, Is. 9-3d.; 
£760, 148. nearly; £38277, 
158. nearly. 

28. £6307, 15s. 

29. 4^ yn. 

30. £236333, 6b. 8d. 
3z. £3750! 

32. £348406, 5b. 

33. ^m^V'O. 

34. 2Jyn. 

35. Hjn. 

36. 700 yrs. 

37. 50000 yrfc 

38. 4642 yrs. 

39. 350 p. c. 
4a £3012800. 



ANSWERS. 
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1. £82: 

2. £2156, 48. 4-8d. 

3. £2224, 198. S^d. 

nearly. 

4. £119704, 168. 9id. 

nearly. 



I. £1, Is. 3^. 

3. 128. 8|^ 

3. £38, 8s. 9id. 

4. £177, 28. 4id. 



z. £16, IBs. 8id. 
£16, 138. 7id. 
£3, 28. Id. 
£2, 10s. 3d. 
£2, 148. 2id. 
£7, Is. 5d. 
£21, IBs. 2id. 
£210, 198. 4^d. 
£3, 28. 6^d. 

2. £208,58. 

3. £289. 

1. £85, 15s. 7id. 

2. £52, 148. 2d. 

3. £15, 12s. 9d. 

4. £24, 8s. 4B^d. 

5. £85. 

6. 3 p. c. stock. 

7. £250, IBs. 4d. 

8. £945 stock. 

9. £639. 
zo. £133^ 
zz. £288. 
Z2. £335, 88. 
13. £243. 



Exercise 37. 

£88584, Is. 9d. 
£58549, 14s. 2112d. 
£490, 13s. ll^d. + 
£153, 48. 5jd. nearly. 

5. £6, lis. 2id.+ 

6. £2, 148. ll-87744d. 

Exercise 38. 

5. £1945, Is. IHid. 

6. £2704, 138. lOr^d. 

7. £3, 7s. 3jd. nearly. 

8. £1577,178. 4d. nearly. 

Exercise 39. 

4. £80, 68. 4d. 

5. £604, Bs. 4d. 

6. £176, IBs. 4d. 

7. £3396, 5s. 

8. £9, Os. 3d. 

9. £504, Bs. 4d. 

10. £9, 13s. 4d. 

11. £221, 5s. 

12. £3, 12s. &ftd. 

13. £19, 10s. 

Exercise 40. 

14. £118^. 

15. £55|. 

16. £450, 18s. ; gains 

Ss. 9'21d. per an. 

17. Loses £8, 15s. 2^. 

per annum. 

18. 97^^. 

19. £91, 6s. l^d. ; 

B^p. c. 

20. 98i. 

21. Railway shares. 

22. £35, 128. 5/7d. 

23. £58, 168. 3d. 



7. 15b. 11729864d. 

8. £500. 

9. 940 per cent. 

10. £7900, 158. 9jd. 

11. £1025,68.2^d., about. 

12. £8B5,17s.9-Bld.,&o. 



9. £668, 98. 2'91d. 

10. £45, 88. 

11. £230, Os. 3d. 

12. £34, 2s. 3d. 



14. £107, Os. IJd. + 

15. £31, 48. Bid. 

16. £81, 16s. 4id. 

17. £18, 12s. Bf f d. 

18. £20, lOs. liiid. ; 
£382, lOs. 

19. 4 p. c. 

20. £37, 10s. 4id, 

21. £2, 4s. 11^. 

22. 20| months, about. 



24. In the 3 p. c. ; 

£3, Os. 6jd. + 

25. Loses £15 ; gains 

£45 per annum. 

26. 2 p. c. 

27. £100 less. 

28* Loses £25 ; gains 
£47 per annum. 

29. £6947H- 

30. Increased by £24. 

31. £10, 16s. 

32. Loss of £61, 158. 

3d., about. 

33. £13125; lip. c. 
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ANSWERS. 



Exercise 41. 



I. £2, Oi. lid. 




18. Loss of ^ p. e. 


3. £1, 8i. 




19. £2, 10s. 9||d. 


3. £4,191. 




aa 5d.aiid2s.6d.; 4|d. and 3b. 6d. 


4.1921b. 




21. 25 for 18d., or, Hd, each. 


s-T^m^ 




22. £1, 19s. 4d. ; 21/^ p. c 


6. At an advance of 31f 


p. c. upon 


23.150WAcwt. 


the cost price. 




24. The bookseller pays ff^l of pub- 


7. 20 p. c. 




lished price, and .'. makes 


8. 33i p. c. 




Wi of 100 p. c, i.e. 66Hlp.a 


9. £7462. 




25. 6Ap.«. 


lo. £3472, 13f. 4d. ; £65, 2b. 3d. 


26. Gains 4 p. c 


II. 25 p. c. ; 20 p. c 




27. £3200. 


12. i p. c. 




28. £1672, 4s. 5id. 


13. 4 p. c. 




29. 16} p. 0. 


14. 2d. 




3a 23AP. c. 


15. 2b. 6d. per IK 




31. 47i p. a 


16. £84. 


, 


32. IttWf. 


17. 7Jd. 








Exerci 


se 42. 


I. £2, 15b. 6)d. 




14. £300. 


2. 6i 




15. £450 to A; £825 toB; £1576 


3. £1; £3; £9; £13. 




toC. 


4. 5487 ; 33 p. c. 




16. Gains 16 p. c. 


5. £3333, 168. IIH 




17. £59, Is. ll;id.,o]:, 286-62 dollars. 


£666, 15s. 4fd. 




18. 3570. 


6. 3 : 4. 




19. 11} months. 


7. 52 days. 




2a 2 : 3. 


8. -68. l^d. ; 4s. 7i\d. ; 


98. 2^td. 


21. £2747, 8s. l^td. 


9. £457, lOs. lOid. 




£2290, 3s. 2^^y^. 


£374, 78. (^d. 




£1962, 8s. SfllTd. 


£291, 38. 3id. 




22. 9 lb. of each price. 


10. 58. O^d. ; 5s. 5|||d. 


; 28. l^d. 


23. 40 of rye, 40 of oats, 20 of barley. 


II. A gives away £14, 19s. 3d., of 


24. 18 Canary, 31} Mahiga, 13} 


which £7, 198. goes 


to B, and 


sherry, and 27 white wine. 


£7, Os. 3d. to C. 




25. 29 lb. at 5s. and at 9b., 14} lb. 


13. £127,108.; £354, 12s. 


; £217, 18s. 


at Os. and at 88. 


13. £175, 38. Hid. ; £17, 


17s. 6d. ; 


26. The cironitous is the more advan • 


16s. lO^d. 




tageous by 124*8325 milrees. 



ANSWER& 
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EXAMINATION PAPERS. 



L Papers of the London University. 



I. 7; -00029296875. 
a. -00015625; 1 cwt. 1 
qr. 20 lb. 

3. £105, 88. 4€L ; 
£104, 7b. 3d. 

4. £500; £541, 138. 4d. 

5. 100372; -2266. 



4. 
, '0000152. 



a. 7 X 13 X 2 squared ; 
5x7x3squaredx2 
cubed; 5x1091. 

3. £3, 68. 4id. ; 
•298828125. 

4. ^or||i;209-25ft. 

5. 14479674 approxi- 

mately. 



I. £902777, 15s. 6f d. 

3. 01357; 16-l2857l. 

4. Int.=£114,48.2-4d. 

5. A, £20 ; B, £21 ; 

0,£25. 



6. 

1. 2414^ times. 

2. 3^ p. c. ; 3^ p. c. 

3* «» » TIT' 

4. -3183098, &c. ; -008. 

5. 1800000156. 

6. 47 hrs. 3' 20". 

7. 44. 

8. 8 days. 



8. 

1. ^%t' 

2. 695-7 yds. + ; -8. 
The remainder con- 
sists in each case of as 
many 2*8 as there are 
figures in the quotient. 

3. (a.) 200 mUes. 
(6.) Tes; no. 

6. 

1. 10296. 

2. Ij sec. ; -304. 

3. 4187001a 



1867. 
1868. 
1869. 
1870. 
1871. 
1872. 

1878. 



XL Papers of the Science and Art Department. 

I. 450 sq. ft. 2. 240. 

I. -2036. 2. 506^ sq. ft. 3. 60^y sq. ft. 4. 5-2V3. 

I. -1415, &C. 2. 11-90, &o. 3. -004, &c. 

I. -0078125; ^. a. 2933763, &c 3. '5. 

I. 35 at 5s. 6d. and 15 at 6s. 6d. 2. 1*2548, ke, 

I. 10. 2. 15 miles. 3. £3, 5s. lOd. ; 4. 721 lb. ; 327 kilog.+ 

5. 23. 
I. ^ = 532,^. 2. 8-245 metres. 3. ,1, ; '01953125 in. 

4. 9|}d. ; 29^9 ;/V P- c. 5. 11^ hrs. after the dispatch-boat 

started. 6. By 7^; the first. 
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ANSWERa 



HL Ezaminations in Government Training Colleges. 

No. 1. 

7. lOf dajB. 



2. 720a 

3. £2, 88. 9id. 
4« £52, 2s. 2id. 

£116, 98. 3}d. 

5. £21, lOs. 

6. £14, IDs. Hid. 



8. In840da7B,i.e.2H 

yrs. 

9. :^; £2250. 
10. -003125. 



No. a. 

Section II, 
I. £2, 68. 7^/)frd. 
a. 8. 
3. 78. 9d. ; 56. 3d. 



SecUonI, 

1.1m. 

3. 1*17 nearly. 

3. 1447 a 

SedumTV, 
!• S^galla. 

2. £1380|f. 

3. f ; 14 tons 1 cwt. 3 qrs. 22 lb. 5f oz. 

No. 3. 



11. £24, 188. 6-76d. 

12. £175, 10s. 

13. £50 ; 4^ p. 0. 

14. 25| acres. 

15. 38. 5|d. 



Section III, 

1. £36& 

2. 122t ; £1899ff f . 

3. 6| months. 

Section F. 
I. 24-64787, &c 



Section I. 

I. Twenty-five thousand and sixty 
pounds, nineteen shillings and 
elevenpence three farthings. 

4. 248553 *6§ mUes. 

Section II, 

1. £1131, 18s. 4d. 

2. £3. 8s. ll}d. 

3. £1731, 19s. 

4. £2, 12s. lOJd. 

Section III, 
I. 2 hrs. 55' P.M. 
3. July 11th, at 8.30 A. if. 



Section IV, 
2. 25 p. c. 

Section V. 

2. 3fl428S; 23-14; 575; 14 5625; 

8*68; their8um=55*8285d2886& 

3. £116-875; £170. 

4. 7616 -28ia 

Sed^ion VI, 

1. 116*76 francs. 

2. 421456; 57 -854a 

3. £348406, 58. 

4. £304. 



J 



z. 204030901; seven hundred and 
one million six hundred and 
nine. 

2. £6, 148. 8id. 



No. 4. 

Section I, 

3. £3, 128. ; 60 p. a 

4. llfd. 

5. 22463892. 

6. £3, 28. 7d. 



ANSWERS. 
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Section 11, 
a. 1 hr. 12 min. 34*56 sea 

SectumllL 

I. mm- 

2. £31, 10s. 8cL 

3. -2492, &c. 

Section IV, 
z. 10'6339^7li 

2. Is. 2^^^/Vd. ; £8, 88. 7^8Vi/ftd. 

3. -356 met. ; 2*812 a 0. 

Sectwn V, 
I. £6804, 10s. 9id. 
3. 18} p. e. 



Seetwn VI, 
I. Area = 822f sq. ft. ; one side = 



288VICK 



2. £3182, 68. 4|^|cL 

3. 33i p. c. ; 200 p. 0. 

Section VII, 

1. £159, lOs. 4-675d. 

2. £8, Is. 6^^. 

3. £46, lOs. 2d. nearlr. 



in. = 344 '3, &c , inches. 



No. 6. 



z. £3012, lOs. 

3. 7908HI miles. 

4. 129-2657704239, &c., yrs. 

5. £10, Is. lOJd. + 

6. £1, 15s. 5|H<L 

7. 1000; 2000, 



8. 4^ months. 

9. (nx=^«)12^ = 3-9in.+ 

la 88*4 wks., really 89 wks. 

Z2. 4s. 7||d. 



z. 1. 

2. IHin. 

3. £162, 8s. 

4. 4-90099501 galls. 

5. £20, 17s. ll-56224d. 



No. 6. 



6. 9| p. 0. 

7. 50V15 nules = 193*649 miles, 
iz. 150; 250. 

za. 7; £16. 



No. 7. 



2. £60, 10s. ; £77, 6s. 8d. 

3- -h- 

4. £4, Os. 8,%d. . 

5. -15. 

6. 26*601, &C., francs. 

7. £8, 8s. l|d. 



8. £649, 7s. lOjd. nearly. 

9. £1335, 16s. 8d. 
zo. 126. 

zz. £52a 

z2. 3*74 miles + per hour. 

Z3. £ioa 

Y 
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ANSWERS. 



IV. Examinations at the Birkbeck Literary and 

Scientific Institution* 



No. 1. 



z. £22, 12g. 4d. 
3. 3630. 

3. 1825 tons 14 owt. 4 lb. 

4. £4306, 48. 4||d. 

5. May Sth, at 11 hrs. 39^ min. A.M. 

6. £689, 138. 1/vd. (at simp, ini) 

7. £278, 128. 4-37520. 



8. 71 yds. 4 in. 

9. 999-99909999, ke. 
10. ffff . 

12. Ijead511b.3oz.;tmlllb.l3os. 

13. 27 hrs. 62^. 

14. 17-92. 



No. 2. 



I. 1, 

a. 998001. 

3. 71 sq. ft. 



4. £33, l8. 3-84d. 

5. 2Ap. c 

6. £^\. 
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